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MEGLUMINE MEANS 
LESS TISSUE NECROSIS’ 





GRAF 


* 4 
* * d , Dosage and Administration for Excretion Urography: 
Renografin-60. 25 cc. for patients 16 years or more; children 
require less in proportion to weight. May be administered 
s ais 


by slow intravenous injection or if preferred, to children 


and certain adults by intramuscular injection into the glu- 
teal region ín two divided doses bilaterally. 








**Megiumine (formerly methylglucamine) 


Supply: Renografin-60 (Meglumine Diatrizoate Injection 
U.S.P) providing 60% meglumine diatrizoate—25 cc, ampuls 
and vials. All ampul packages contain 1 cc. ampuls (and ali 
vials contain sufficient excess) for sensitivity testing. 


Side effects: Severe, life-threatening reactions are rare; when 
they occur, they suggest hypersensitivity to the contrast 
agent. Transient flushing and nausea during injection may 
occur, In rare instances, anaphylactoid reactions may occur. 


Precautions: I.V, test dose may be given. Use with caution 
in the event of an untoward reaction to the test dose and in 
extreme age, severely debilitated patients, cyanotic infants, 
patients with chronic pulmonary emphysema, advanced ar- 
teriosclerosis, severe hypertension, cardiac decompensation, 
and recent cerebral embolism or thrombosis. The possibility 
of thrombosis should be borne in mind when percutaneous 
techniques are employed. For full information, see Product 
Brief, 


*Margulis, A. R., and Heinbecker, P: Am. J. Roentgenol. 
$6:103 (July) 1961, 





BARNES-HIND 
BAROTRAST™ 


O Barotrast suspends easily—and stays in suspension. Coverage Is complete... coating 
is thin, elastic, tenacious...flow is steady, consistent, and columnar. Barotrast is ideal 
for routinely precise examinations. 0 BAROTRAST® (Specially compounded and micro- 


nized form of barium sulfate) O 


BARNES-HIND BARIUM PRODUCTS 
DIVISION OF BARNES-HIND PHARMACEUTICALS, INC. 
Sunnyvale, California 


the original 
high-density barium product 


for unsurpassed delineation 








- Barotrast used in an air contrast Barotrast used in an upper Gl 
study of the mid transverse colon. study of the stomach. 
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GEVAERT 


X-RAY FILM 







NATIONWIDE 


SERVICE... 
just a phone call away 


Sure, Gevaert is a top quality film. Its consistency, 
detailed clarity and pinpoint precision are its 
radiographic hallmarks. But even the best film 
requires the knowledgeable support of 
trained specialists. Especially that of the 
all-important, keenly interpretative radiologist. 
Also, to lend a hand when necessary: your 
Gevaert representative. For he, too, is a trained 
specialist well equipped with technical skills 
that are always at your service. With our 
national coverage he is as near to you 
as your phone. Call him. 


Exclusive Distributors: 


L 


LOW X-RAY CORPORATION a 
General Offices: uu 

161 Sixth Ave., New York, N. Y. 10013 
912 - 255-3700 






Just Phone Y« ra Nearest Z\C Warehouse 


ATLANTA, GA. ....... E291. LOUISVILLE, KY. suena 502-458-3152 
CHICAGO. ILL. «us eet 678- 3690 | McKEESPORT, PA. ...... 412-341-3000 
DALLAS, TEX. 20sik.0% dens, 214-631-7295 NEW ORLEANS, LA...... 904-835-0915 
DENVER, COL. 35e: okes 303-388-9110 OMAHA, NEB. .......... 402-558-4410 
DETROIT, MICH. + 440000. 313-931-1880 PHILADELPHIA, PA. ..... 215-329-5142 
HOUSTON, TEX. is asian cs 713-747-6241 SAN FRANCISCO, CAL. .415-583-3889 


LOS ANGELES, CAL. ....213-245-6481 SIOUX CITY, IOWA ..... 712-252-3316 


Dynamic clinical studies 


using radioisotopes: 





Are you interested but 
don't know quite where to start? 


Then start here. 


First let us admit that the dynamic clinical 
techniques which use radioisotopes for study- 
ing various bodily functions are more com- 
pliceted than well counting or even scanning 
procedures. Undeniable. 

But these methods are valuable, providing 
either confirmatory clinical data or, in some 
instances, information which just cannot be 
obtained by any other means. Long-established 
applications of these techniques include, for 
example, renal function studies, cardiac out- 
put determinations and hepatic function 
assessment. Or perhaps the newer techniques 
such as cerebral blood flow or pulmonary func- 
tion would be of interest. 

Whatever your interest, we can minimize the 
technical difficulties of getting into this field. 

Our offer: to work with you in any and every 
way to make your entry into this area as pain- 
less as possible. Specifically, we would be 


Picker Nuclear: 1275 Mamaroneck Avenue, White Plains, New York 10605 


happy to talk with you ebout these methods, 
to provide the necessary information on exist- 
ing procedures, to help you plan your radio- 
tracer studies, to assist in interpreting results, 
and to aid in the training of your staff in all 
phases of radioisotope dynamic function meth- 
odology. Or, to work with you in any other way 
that you may wish. With no obligation. 

Then it will come as no surprise that we can 
also help you select the equipment that makes 
sense for your needs. And to begin with, this 
can be a relatively simple outfit; your first 
commitment can be limited to the basic equip- 
ment since refinements can be added easily as 
needed. You should also know that our line 
of instruments for dynamic function work of 
every kind is unmatched in diversity or quality. 

So, an invitation: call your Picker Nuclear 
representative, or drop us a line. Start a 
dialogue. 


PICKER 
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HALSEY 
RIGIDFORM 


The ideal cassette for 
average use... . rugged 
and precise. ,. sets the 
standard of perform- 
ance for its class, 





HALSEY 


WAFER 


The thin, lightweight 
cassette — almost 30% 
thinner, 20% lighter 
than conventional 
models—yet is actually 
more rugged! 





HALSEY 
TITAN 


Most rugged cassette of 
all — designed to stand 
up under service which 
would destroy contact 
or alignment in an ordi- 
nary cassette...A 
must for heavy-duty 
conditions! 


Color-coded phototiming and grid models 
available for all types; write for litera- 
ture on the complete Halsey Cassette line. 





Why did this man have 
episodes of diffuse abdominal 
pain for eight years? 


ANSCOCHROME 
IWOAXHDOISNV 





GAF would like you to have a compli- 
mentary 35mm slide of this interesting 
pathology. Contact your GAF Medical 
X-Ray representative for a copy. 


A Sma!l Bowel Study on GAF High Speed 
X-Ray Film showed a rigid ileum with 
gross alteration of the mucosal pattern, 
serrated borders, and a narrowed terminal 
ileum. 


(GAF High Speed X-Ray Film 
helped find the answer) 


A 50-year-old man had a long 
history of intermittent diffuse 
abdominal pain with emesis 
and fatty food intolerance. 
Three Gastrointestinal Series 
during this period were re- 
ported as negative. 

Upon admission, the patient's 
abdomen was soft with mild 
umbilical tenderness; bowel 
sounds were hyperactive. 
Stool was normal in color and 
consistency, however the 
patient developed diarrhea 
on the second day. 
Radiography of the esopha- 
gus, stomach and colon 
disclosed no abnormality. 
However, a radiographic 


Small Bowel Study revealed 
rigidity of a large segment of 
the ileum. There was gross 
alteration of the mucosal 
pattern and the borders were 
serrated. The terminal ileum 
was markedly narrowed, giv- 
ing rise to the “string sign." 
The findings were those of 
regional ileitis with multiple 
involvement. 

GAF High Speed X-Ray Film 
was used to disclose the 
cause of this man’s abdomi- 
nal pain. The high contrast 
and fine definition of this film 
were particularly useful in 
revealing the signs of regional 
ileitis. 


GENERAL ANILINE & FILM CORPORATION 


190 WEST 51 STREET - 





NEW YORK 10020 


a chemistry for all times 





m the new 90 second dry-to-dry processing cycle, presently offers — the 
fastest access time, higher film speed, and film of good quality. 

m the new 31⁄2 minute dry-to-dry processing cycle, engineered and devel- 
oped by Hunt, offers * fast access time, (double conventional film capacity) * 
films of diagnostic quality comparable to the best quality of the 7 minute 
cycle * and the choice of using any brand of film; X-ray departments using a 
particular film emulsion can maintain the high standards established through 
long association with a favored film. 

m the choice is yours — where access time is the most important factor, the 
90 second processing cycle will be your choice — where an X-ray department 
requires extra speed but is unwilling to sacrifice quality, the 31⁄2 minute proc- 
essing cycle is the answer. 

gm whatever decision you make —think of Hunt. Our chemistry, Graph-O-Mat^ 
90 is compatible with both processing cycles and all brands of film. Our sales 
force will offer you knowledgable advice on every aspect of the new ultra-fast 
processing cycles and our trained staff of service engineers is ready to con- 
vert your existing processors. 





Palisades Park, New Jersey * Branches in Principal Cities * PHILIP A. HUNT COMPANY (CANADA) LTD. Toronto 
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The Ilford X-ray film that offers high 
contrast performance with economy! 


Ilford Standard X-ray film offers the qualities 
sought by radiologists at a cost appreciably 
lower than other films of comparable quality. 


























In particular: Truly excep- 
tional performance where excellent contrast 
Is desirable. 
Particularly suitable for use with high K Vp tech- 
niques. 
Radiographs are remarkably clean, even when 
processed in solutions approaching exhaustion. 
Ilford Standard X-ray film is 
subjected to the same rigorous manufacturing 
controls that have made all Ilford X-ray films 
internationally recognized for batch-to-batch 
and box-to-box consistency. 


This film is particularly recommended for 
all radiographic investigations employing con- 
trast media where unusual definition is re- 
quired, for excellent reproduction of bone de- 
tail in orthopaedic examinations, and for all 
radiographie work requiring high contrast. 


New Bulk Pack Cartons! 


The 300 sheet (folder wrapped) 
and 500 sheet (non-interleaved) 
economy packings of Standard 
were designed exclusively for the 
American market. 

Also available in 75 and 25 
sheet cartons, folder wrapped, in 
all popular sizes. 


WY 
N 
ILFORD INC. 


37 WEST 65TH STREET, NEW YORK, N.Y. 10023 





Same Old Sanchez-Perez 
Automatic Serlograph. 


There she sits. Our baby. For more than 15 
years, she’s been our baby. Try as we may, she’s 
a tough one to improve on. 

So we're stuck with her. Same old reliable 
design. Same old simple, trouble-free operation. 
Same old dependability. (And still the only film 
changer in its price class.) 

She couldn’t be too bad, though. Lots of our 
customers keep as many as three and four Auto- 
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matic Seriographs busy at a time! Whenever 
they need an additional film changer, back they 
come for our Sanchez-Perez. Guess they kind 
of like it. 

Sure, we've made some improvements here, 
some changes there—and we'll make more in 
the future. But basically she'll still be our same 
old Seriograph. We're stuck with her. 


THE AUTOMATIC SERIOGRAPH CORPORATION 
DIVISION OF LITTON INDUSTRIES 
8121 Georgia Avenue * Silver Spring, Maryland 


M l CROPAQ U E now comes 


BARIUM SULFATE U.S.P. FORMULATION premeasured 

ST prepackaged 

i | for single-use 
by either route 
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MICROPAQUETTES are now available with 
2 oz. or 4 oz. MICROPAQUE content. Simply empty 
a packet into your mixer, add indicated water, 
mix, and there's your correct dose. Content is 
premeasured by weight, not volume, so it's easy 
to whip up the exact quantity you need, with ac- 
curate control of density, making it as thick or 
thin as you want. Convenient, time-saving. 
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MICROPAQUE DISPOSABLE ENEMA 
KITS contain everything you need for a single 
enema: a plastic enema bag, six feet of tubing 
with a faucet connector on one end, a rectal 
acorn on the other, and 10 oz. of MICROPAQUE. 
To use, simply fill the bag with water, knead the 
bag to mix the charge, and promptly administer. 
Discard after the examination . . . no measuring, 
no pouring, no clean-up, no cross-infection hazard. 


single-use economy 


either Way, theres no waste: you mix only as 
much as you need, one packet or bagful per patient. 
No unused surplus to squander down the drain. No pos- 
sibility of contamination with dust or dirt. 





Ask your local Picker representative 
about our special introductory offer on either way, you combine the proven virtues of 
Micropaquettes and Enema Kits. MICROPAQUE with new ease and accuracy in dis- 


Call any local Picker office, or write 


Picker X-Ray Corporation, White Plains, New York. pensing. 
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PROFEXRAY ADDS NEW DIMENSIONS TO THE CONCEPT OF 


FLEXIBILITY 


EMPEROR 90-360 TABLE — NEW 


Heavy-duty, radiographic-fluoro- 
scopic, 180° motor-driven table with 
tilt range from 90° Trendelenberg 
through horizontal to vertical. 


FLEXIBILITY 


1. A wide selection of spot film devices, image intensi- 
fiers, intensified image recorders, television systems, ciné 
systems or combinations of these systems has been devel- 
oped for this table. (Pictured here with PIP-6 Image 
Intensifier and Intensified Image Recorder.) 


2. A true island-type table. Unique design eliminates 
projections from table body by removing drive motor 
and transmission from rear of table—results in 360? 
access to patient. 


3. Fluoroscopic and radiographic studies are made easy, 
using the manual-glide or motor-driven table top, which 
are available as options. 


4. Three smooth motor drives are available: single-speed, 
dual-speed, or continuously variable speed. 





INTENSIFIED IMAGE RECORDER — NEW 


Provides records (spot films) of the intensified fluoroscopic 
image with a degree of definition not obtainable with conven- 
tional spot films: (1) at intervals controlled by operator, or 
(2) sequentially at rates up to six exposures per second. 


FLEXIBILITY 


l. May be used with or without spot film device—but 
significant advantages are to be gained when used in 
place of spot film device. 


2. Exposure factors to record the fluoroscopic image are 
1/10 to 1/20 of those used for regular spot film studies. 
These lower factors permit the use of a fractional-focus 
tube, resulting in films of unparalleled sharpness. Magni- 
fication studies become routine. 

3. 


A complete range of lenses is available, and these are 
easily interchanged. 90 mm and 70 mm magazines can be 
interchanged. Ciné and television cameras are available. 


4. May be permanently installed on this table (or 
Emperor 90-15), with associated options, without 
necessity of a cumbersome ceiling suspension system. 


PROFEXRAY 


DIVISION OF LITTON 


515 East Touhv Avenue * 


INDUSTRIES 
Des Plaines. Illinois 60018 


installation 


ELECTRO-OPTICAL IMAGE INTENSIFIER 


in Image e Interchangeable screen e Small light intensifier tube 
e Standard type Image e Engineered to absorb new 


tensification Orthicon Tube developments economically 


e Inexpensive upkeep e Electron-optical magnification 
guaranteed and other features 


providing extremely 


high contrast 
Accessory 


i A Electrocardioscope for superimposing 100mm 
response and resolution —— E.K.G. onto the film Spot Film Camera 


available 


For more information contact your local X-Ray supply house or: 





Wp, MEDICAL MARKETING DIVISION TA 2 > D 


AEROJET DELFT [tls 42 fo 


4 
1 
Ss a 
" e mao E mul. Odelca P-F Cameras and. Accessories 
MIIN 516 OVerbrook 1-2310 
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105 CHAMBERS STREET 
NEW YORK, N.Y. 10007 
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American X-Ray Journal THE MALLINCKRODT CLASSI 


.0GY —- Volume VI 
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CLASSICS OF RADIOLOGY Volume \ 
un 


Curie—THE MALLINCKRODT CLASSICS OF RADIOIOGY-— Volume IT 


IHE X X-Rays in U.S., 1896 
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Williams, Roentgen Rays 
THE MALLINCKRODT CLASSICS OF R ADIOLOGY 
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The Mallinckrodt Classics of Radiolog 


Unique series of historical documents for your medical library 





Handsomely boxed, 6-volume set containing a penetrating and comprehensive commentary on 

a number of classics of radiology with facsimiles. These encompass the discovery of x-rays by 
Rontgen, the study of radioactivity and the discovery of radium by M. Curie, the introduction 

of x-rays into medicine in the United States in 1896 and subsequent developments, and a survey 
of the earliest journals and societies devoted to radiology, particularly in the United States. 

They will be provided to all radiologists periodically throughout 1966 by Mallinckrodt. 


The facsimiles will include: 


Volume |. Róntgen's three papers on x-rays and their English translations, 1895-1897 
Volume II. M. Curie’s doctoral thesis on radioactive substances and English translation, 1903 
Volume III. "The X-Ray, or Photography of the Invisible and its value in surgery,” 


by W. J. Morton and E. W. Hammer, 1896, and “Something about X-Rays for 
Everybody,” by E. Trevert, 1896 


Volume IV. “The Roentgen Rays in Medicine and Surgery,” by F. H. Williams, 1901 
Volume V. "Archives of Clinical Skiagraphy," Volume | (4 numbers), 1896 
Volume VI. "The American X-Ray Journal," Volume | (5 numbers), 1897 


These books are significant contributions to the history of radiology especially written for 
The Mallinckrodt Classics series by Herbert S. Klickstein, M.D., of the Albert Einstein 
Medical Center, Division of Radiology, Philadelphia, Pennsylvania. 
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Intravascular Aortography Intravascular Angiocardiography 
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Intravenous Urography Intravascular Aortography 


For diagnostic reliability coupled with unequalled safety 
Conray Angio-Conray Conray-400 


(Meglumine lothalamate (Sodium lothalamate (Sodium lothalamate 
Injection U.S.P. 60%) Injection U.S.P. 8096) Injection U.S.P. 66.896) 


The Compatib!e Contrast Media 
ig NIME NR 


For clear delineation of 
detail plus an extra margin 
of safety, specify proven 
products of advanced 
research in the contrast 
media field. 





Conray 


(Meglumine lothalamate Injection U.S.P. 60%) 


for intravenous urography and cerebral and peripheral angiography 


Angio-Conray’ 


(Sodium lothalamate Injection U.S.P. 80%) 


for intravascular angiocardiography and aortography 


onray-400 


(Sodium lothalamate Iñjection U.S.P. 66.8%) 


for intravenous urography, intravascular 
angiocardiography and aortography 





Product Particulars 


CONRAY : Each ml. contains 0.6 Gm. meglumine 
iothalamate; not more than 0.11 mg. calcium 
disodium ethylenediaminetetraacetate as stabi- 
lizer; not more than 0.15 mg. sodium biphosphate 
as a buffer. 


Angio- CONRAY : Each ml. contains 0.8 Gm. so- 
dium iothalamate ; not more than 0.135 mg. cal- 
cium disodium ethylenediaminetetraacetate as 
stabilizer; not more than 0.15 mg. sodium bi- 
phosphate as a buffer. 


CONRAY-400: Each ml. contains 0.668 Gm. so- 
dium iothalamate ; not more than 0.135 mg. cal- 
cium disodium ethylenediaminetetraacetate as 
stabilizer; not more than 0.15 mg. sódium bi- 
phosphate as a buffer. 


Side Effects: With CONRAY (meglumine iothal- 
amate 6096) these have been minor and infre- 
quent, and include nausea, vomiting, urticaria, 
However, as with any iodinated intravascular con- 
trast agent, the possibility of severe reactions 
exists (neurological complications, the so-called 
anaphylactic response and cardiovascular col- 
lapse). With Angio-CONRAY (sodium iothala- 
mate 8096) and CONRAY-400 (sodium iothala- 
mate 66.896) rapid injection has produced a wave 
of warmth or heat passing over the body, often 
associated with flush. Other transient reactions 
infrequently observed are nausea, vomiting and 
bitter taste. In rare instances, injection of a con- 





Mallinckrodt 
® NPharmaceuticals 
LINKING CHEMISTRY TO MEDICINE * 





trast medium has been reported to produce more 
serious reactions including fatalities. Note: Be- 
cause of the possibility of severe reactions to any 
medium, patients should not be left alone for at 
least 15 minutes following injection. 


Caution: CONRAY-400 (sodium iothalamate 
66.8%) and Angio-CONRAY (sodium iothala- 
mate 8096) are not intended for use in cerebral 
angiography. For this purpose, CONRAY (meg- 
lumine iothalamate 6096) is recommended. 


Contraindications : For all three media, caution is 
required in cases involving severe systemic dis- 
ease. In patients with advanced renal disease, use 
with caution and then only when need for exam- 
ination dictates. In patients with a history of al- 
lergy or those exhibiting a positive reaction to 
the sensitivity test, drugs and facilities for emer- 
gency use must be readily available. 


Precautions: For Angio-CONRAY (sodium io- 
thalamate 80%) and CONRAY-400 (sodium io- 
thalamate 66.8%), cardiac arrhythmias, including 
ventricular fibrillation, have been reported with 
the use of these media in procedures for visualiz- 
ing the heart and its associated large vessels. 
Such occurrences may be associated with situa- 
tions in which appreciable amounts of relatively 
undiluted medium enter the coronary circulation. 
Facilities for immediate treatment of such reac- 
tions should be available. 


Mallinckrodt 


MALLINCKRODT CHEMICAL WORKS 
St. Louis, Missouri 63160 


FLEXI-TIP'™—NEW FROM E-Z-EM 
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do unto others.. 


If you were scheduled for a B. E., 
wouldn't you like it administered with a rec- 
tal tip of comfortable, flexible plastic that 
has no sharp surfaces combined with a dis- 
posable system which minimizes your dis. 


comfort and ease while positioning the pa- 
tient, yet firm enough for easy insertion. 
Available in three sizes: 1) Large end, large 
lumen and side holes 2) Rounded end, large 
lumen and side holes 3) “XL” series (?&" 
lumen) for superior retention, maximum 
flow and drainage. 


comfort and the doctor's examining time 
and eliminates danger of cross-patient con- 
tamination? 


It will be if your radiologist uses E-Z- 
Em!" with the new exclusive Flexi- 
Tip'"! Flexi-Tip is flexible for maximum 


Flexi-Tip is available only with E-Z-Em 
barium enema kits (with or without pre- 
packaged barium). 


NO MATTER WHAT TYPE OF DISPOSABLE BARIUM ENEMA KIT 
YOU ARE NOW USING, TAKE A LOOK AT FLEXI-TIP. 








E-Z-EM “THE SYSTEM OF CHOICE" — 5c 


Patent No. 3,177,871 516 - PO 7-4743 





Bibliography 


1. Meyers, P. K.: J.A.M.A. 173: 1589, August 6, 1960. 2. Nathan, M. H.: Am. J. Roentgenol., Rad, Ther. and Nuclear Med. 81: 650, 
1959. 3. Steinbach, H. L., et al.; J.A.M.A. 174: 1207, Oct. 29, 1960 4. Pochaczevsky, R., et al.: Radiology 77: 831, (Nov.) 1961. 


TM 
Ask about Sol-O-Pake, the pleasant tasting barium formulation for upper GI's. 


Leonard Goldberg, Chief Radiologist, and z . 
. Frank T. Seymour, Hospital Administra- e estin ouse ro essiona 
of the Northwestern General Hospital, 


'onto, Ontario, Canada. The equipment: 
sstinghouse Allview Teleflucroscopic System. 
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Commitment to Radiology at work in Toronto 


The versatile Westinghouse Allview Telefluoroscopic System — re- 
cently installed in the Northwestern General Hospital, Toronto, 
Canada —is used for all gastro-intestinal and special procedures. 


The Allview system of total fluoroscopy offers the freedom, con- 
venience, and low-exposure advantages of remote control fluoros- 
copy...permits tabie-side or remote viewing on TV monitors. The 
Telecon vidicon camera is coupled with a 9" Image Amplifier that 
offers a brightness gain of more than 4000x— provides excellent 
resolution with as little as O.1 footcandles. 


A Westinghouse Stratograph is coupled with the Sierra Tube Stand 
for body-section radiography. Other equipment: Capri 90-15 motor- 
driven table and a Video Tape Recorder for examination review. 


What the Westinghouse Professional Commitment to Radiology offers you... 
Facilities planning from simple layout to architectural plans and 
equipment specifications for a new hospital Radiological Suite... 
Design and installation of equipment to meet diagnostic speci- 
fications and case load requirements...Care of equipment and 
minimized downtime through our unique Preventive Maintenance 
service Plan...Research and Development projects to meet the 
growing need for further advances, such as today's Image Amplifier 
—first introduced commercially by Westinghouse. 


Ask your local Westinghouse X-Ray Representative to discuss how 
these services can help you, or for service and equipment informa- 
tion, write us. Westinghouse Electric Corporation, X-Ray Division, 
2519 Wilkens Ave., Baltimore, Md. 21203. 
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body-section radiography, in addition 
to all other procedures possible with 
the versatile Aliview system. The Stra- 
tograph offers such advantages as se- 
lective depth of cut indexed from 0 
to 25 cm, selective distance of travel, 
selective thickness of cut from 2 cm 
to 6 cm in horizontal and vertical 
body-section radiography. J-08454 


nghouse Stratograph permits 
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People make the difference 





trial by rubdown 


What on earth is that? 


Tell you: it's a test rig set up to find out whether a newly developed 
alloy will wear better for spotfilmer tracks than the presently used 
stainless steel. Burdened under a half-ton of lead bricks, the improvised 
carriage will rumble back and forth over the test rails, hour after hour, 
for months on end. At test-end the rails will be carefully measured 

for wear and smoothness: the new material will promptly supplant the 
old one, even if it fares only slightly better. 





Our engineers don't have to go to all that trouble. There's nothing wrong 


with the present tracks. But that's the way they are: always on the PICKER X-RAY CORPORATION 
prowl for ways to make what's good even better. White Plains, N.Y. 


Wander through the Picker plant and you'll come upon many another odd 
rig tucked into odd corners, testing, testing, testing. All dreamed up by 
people who simply can't leave well enough alone if there is any prospect 
of making it better. 


People make the difference at Picker. 


People you can bank on for the best in equipment, in supplies, in 
maintenance. 


MACHLETT- ALDERSON 


Rando 
Phantom 
Systems 


RADIOTHERAPY 
ANALOG DOSIMETRY 


Treatment Monitoring 
Phantom-Patient Matching 
Treatment Development 
Research 
Training. 





X-RAY TUBE SPECIALIST 


Treatment 
Development 


Research 
Training 


Dose measurements made 
from MAS ion chambers or 
thermoluminescent 
capsules or die cut 
dosimetric film in the 
RANDO Phantom provide 
detailed dose distributions 
from each beam, or such 
measurements may be used 
to sum up the distribution 
from all beams—no matter 
how complex the 
treatment plan. 


Treatment 


Monitoring 
Dy 
Phantom-Patient 
Matching 


Tissue-equivalent matching 
sections are cast rapidly 
and precisely in the 
Machlett-Alderson 
Treatment Planning Center. 








A SUBSIDIARY OF 






Die Cut 
Dosimetry Film 


Thermoluminescent 
Capsule 






For further information on the RANDO phantom, as 
well as for data on all general phantom applications, write 
The Machlett Laboratories, Springdale, Conn. 06879 


MACHLETT LABORATORIES, 


INC. 
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FOR THE BUSY RADIOLOGIST — 


A TIME-SAVING ATLAS OF PRECALCULATED 
ISODOSE DISTRIBUTIONS 


NOW AVAILABLE — Isodose distributions for the Theratron 


60 and Theratron 80 Cobalt 60 teletherapy units, based on measured 
physical data for muiti-portal and moving beam techniques, 


Treatment planning need no longer be a laborious and time- 


consuming task —isodose charting of each patient becomes 
routine. 


This Atlas, used with the world-renowned Theratrons, ensures more 
precise and rapid application of specified treatments than any 
other system provides. Full details are available on request — 
Please write. 


Another result of AECL‘'s continuous research and development programs 
for the advancement of teletherapy. 
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$) ATOMIC ENERGY OF CANADA LIMITED 


Commercial Products - P.O. Box 93 - Ottawa - Canada 
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with Telepaque you can depend on your cholecystogram 


nonvisualization — gallbladder disease 
visualization — functioning gallbladder 


Numerous studies with large numbers of patients show 
a diagnostic accuracy ranging from 95 to 100% 


Baker and Hodgson' of the Mayo Clinic and Mayo Foundation, reporting on a series 
of 1,207 cholecystographic examinations with TELEPAQUE in which all diagnoses 
were subjected to surgical and pathological verification, found 98 per cent of all 
the diagnoses were correct. A// the nonvisualized gallbladders were found to be dis- 
eased, and the "increased accuracy of this diagnosis seemed to have a direct rela- 
tionship to the medium employed". (The authors emphasize, however, the primacy 
of correct technical procedure and vigilance by the radiologist over the particular 
contrast medium used.) 

Alderson? found TELEPAQUE 99 per cent accurate in cholecystography of 315 
patients. He concluded that "TELEPAQUE is held to be the most satisfactory for 
routine radiological investigation of gallbladder symptoms". Six other groups of 
investigators have published similar results with TELEPAQUE which varied in ac- 


curacy from 95 to 100 per cent.^* 


only with Telepaque is such diagnostic accuracy so substantially documented 


References: 1. Baker, H. L., Jr, and Hodgson, J. R. (Mayo 
Clinic and Mayo Foundation): Further studies on the accu- 
racy of oral cholecystography, Radiology 74:239, Feb. 
19650. 2. Alderson, D. A. (King's College Hosp, London): 
The reliability of Telepaque cholecystography, Brit. J. 
Surg. 47:655, May, 1960. 3. Rogers, J. Va dr, Bonmati, J. 
Leigh, T. F., and Gay, B. B., Jr. (Emory University Hospital, 
Atlanta): Correlation of radiographic and surgical findings 
in gallbladder disease, J.M.A. Georgia 42:489, Nov., 1953. 
4. Tillinghast, A. J. (New York); X-ray diagnosis in disorders 
of the biliary tract, Rev. Gastroenterol. 20:750, Oct, 1953. 
5. Mauthe, H. (St. Agnes Hosp., Fond du Lac, Wis.): The 
accuracy of X-ray examination of the gallbladder, Wiscon- 
sin M.J. 53:473, Sept, 1954. 6. Garland, L. H. (San Fran- 
cisco): New techniques in cholecystography, Minnesota 
Med. 39:433, July, 1956. 7. Whitehouse, W. M. (University 
Hospital, Ann Arbor, Mich.): Correlation of surgical pa- 
thology with Telepaque cholecystography in doses of two 
grams, Surg., Gynec. & Obst. 100:211, Feb. 1955. 8, Dietz, 
M. W. and Litton, L. D. (Springfield, Mo.}: Syllabus of 
cholecystography, GP 14:109, Oct., 1956. 

Dosage: The TELEPAQUE tablets (0.5 Gm. each) are prefer- 
ably administered from 10 to 12 hours betore the time 


scheduled for cholecystography. At about 10 P.M. 6 tab- 
lets should be swallowed, each with one or two mouthfuls 
af water (with a total of a full glass of water), In patients 
where visualization of the extrahepatic ducts is especially 
indicated, from 10 to 12 tablets have been recommended. 
In patients with thin or normal build, weighing less than 
150 pounds, 4 tablets may prove sutficient. 


CONSULT THE PACKAGE INSERT FOR COMPLETE 
PRESCRIBING INFORMATION 


Side Effects: TELEPAQUE has low toxicity, and side effects 
when they occur are usually mild. Gastrointestinal effects 
(diarrhea, cramps, nausea, vomiting) are the most com- 
mon. Usually the diarrhea is mild, consisting merely of a 
few loose stools, although in isolated cases it may be 
severe. Other side effects reported include dysuria, head- 
ache and, on rare occasions, skin rash, urticaria, pruritus, 
and flushing. 

Contraindicalions: Acute nephritis, uremia, and gastroin- 
testinal disorders that prevent absorption of the medium., 
Supplied: Tablets of 500 mg., envelopes of 6 tablets, boxes 
of 5 and 25 envelopes; also bottles of 500. 


in oral cholecystography and cholangiography 


® 
Tel e Dat] u e telis you dependably “yes” or “no”: 


brand of 


iopanoic acid 


m—— 


nonvisualization —> gallbladder disease 
visualization — functioning gallbladder 


WINTHROP LABORATORIES, 
NEW YORK, N.Y. 10016 





The future can only 
make the Pho/Gamma 
Scintillation Camera 
even more valuable 
for clinical use. 


Too bad we can’t say ~ 
the same for 

rectilinear scanners 
(even ours). 


Omm 








Since 1962, Pho/Gamma has put its speed to use in To learn what Pho/Gamma is doing 
3 è x ar now and will do in the future, consult 

cutting through ever-increasing clinical work loads. your Nuclear-Chicago sales engineer 

Example: scintiphotos of radioisotope distribution in the OE R Eiin eee 

liver, brain, or kidneys take from 2 to 8 minutes. And 

even now, Pho/Gamma is opening new areas of diagnostic 

investigation. Examples: dynamic studies such as Q 

cerebral and cardiac blood flow, new modes of data 

manipulation and analysis, and positron tomography NUCLEAR-CHICAGO 

with the soon-to-be-available positron attachment. CORPORATION 


307 East Howard Avenue, Des Plaines, Hinois 60018, U.S.A. / Donker Curtiusstraat 7, Amsterdam W, The Netherlands, 


© 30 YEARS OF SCIENTIFIC ACHIEVEMENT 





Conventional Scan Time: — 35min. Autofluorogram Time: 3.2 min, 


At left is a conventional anterior scan compared with a Model 5000 
autofluorogram of an abnormal liver showing a hepatomegaly and an ab- 
normal zone of decreased uptake in the lateral margin of the right lobe, 
which represents a liver metastasis. 





* 
Conventional Scan Time: — 20 min. Autofluorogram Time: 4 min. 


At left is a conventional posterior renal scan compared with a Model 
5000 autofluorogram showing a reduced uptake in the inferior 2/3rds of 
the right kidney due to the presence of a large hypernephroma in 
this area. 





Supplied with each Model 5000 are an Adjustable gas: 
Hospital Bed, Motor-Driven Detector Assem- 

bly, Recording and Control Console D G es 
which includes cathode ray oscil- . 

loscope visual display, multi- i 

channel analyzer circuit- 

ry with memory, com- a 

puter-formatted mag- 

netic tape system, 

and camera 

mount J EAT 


SCIENTISTS: Investigate challenging opportunities at 


Baird-Atomic — an equal opportunity employer. 


Li BAIRD-ATOMIC 


MODEL 5000 


DIGITAL 
AUTOFLUOROSCOPE 


FOR RAPID DIAGNOSTIC LOCALIZATION AND 
VISUALIZATION OF GAMMA-EMITTING 
RADIOISOTOPES WITHIN THE HUMAN BODY!! 


400 


e Model 5000 fractional renogram in a 
à rol patient with normal kidney func- 
tion showing the characteristic 
sequential passage of Hip- 
puran through the cortex, 
medulla and pelvis. 


— CORTEX 
MEDULLA 
PELVIS 


FRACTIONAL RENOGRAM 





The Digital Autofluoroscope MODEL 5000 is a fixed 
(non-scanning) device with memory storage which pro- 
vides a picture of the distribution of radioisotopes 
within any organ of the human body. Compared to 
conventional moving scanners, the versatile new 
MODEL 5000 will localize tumors faster. Visualization 
is accomplished by the use of a multi-crystal matrix 
which permits the simultaneous detection of radiation 
from all parts of the organ or area of interest without 
scanning. Disease processes in the brain, heart, lung, 
kidneys, liver, spleen, and pancreas are routinely de- 
tected in only a fraction of the time required with con- 
ventional mechanical scanning techniques! 


Moreover, the MODEL 5000 will a/so measure rapid 
changes in the concentration of a radioactive material 
in compartments within the organ. Of special impor- 
tance, the instrument allows effective utilization of the 
full range of isotopes — high energy isotopes can now 
be used and data can be immediately viewed! Further, 
the Autofluoroscope periodically displays accumulated 
data allowing observation of buildup. For continuing 
historical advantage, the patient's records can be per- 
manently stored on magnetic tape for future reference! 


MODEL 5000 FEATURES: 


* CONTRAST ENHANCEMENT OF PICTURE WITHOUT AFFECT- 
ING RAW DATA 


* DYNAMIC AND STATIC VISUALIZATION OF THE ISOTOPE 
WITHIN THE BODY 


* FULL RANGE OF (INCLUDING HIGH ENERGY) ISOTOPES 
CAN BE USED AND ACCUMULATED DATA CAN BE IMME- 
DIATELY VIEWED 


* PATIENTS RECORDS CAN BE PERMANENTLY STORED ON 
COMPUTER-FORMATTED MAGNETIC TAPE 


* CRYSTAL MATRIX AND MULTI-CHANNEL STORAGE OF AC- 
CUMULATED DATA 


e PERIODIC DISPLAY OF DATA DURING BUILDUP PROCESS 
AUTOMATICALLY PROVIDES QUANTIFICATION OF DATA 


Call or write today for free descriptive literaturel 


ATOMIC AND LABORATORY INSTRUMENTS DIVISION 


33 UNIVERSITY ROAD, CAMBRIDGE, MASSACHUSETTS 02138, Telephone: 617 864-7420 


OFFICES. ATLANTA BOSTON CHICAGO DALLAS DETROIT LOS ANGELES NEW YORK PHILADELPHIA PITTSBURGH SAN FRANCISCO WASHINGTON, DC. 
EUROPE: BAIRD-ATOMIC (EUROPE) N.V., 26-27 


VEENKADE, THE HAGUE, HOLLAND 


"See the Model 5000 at the NUCLEAR MEDICINE SHOW” 


XXXVII 


When the 
assignment is 


difficult, 
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today 


Du Pont CRONEX 
does it. 


(1) On fast CRONEX lll: AP brachial arteriogram (retrograde aortogram). 
Patient was 2-month-old female. Serial radiographs from a 
Franklin Film Changer, 6 frames per second (1/180 sec.), 200 ma, 
80 kvp, 3 $, 12:1 grid. Jefferson Medical College Hospital, Phila. 
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Better Things for Better Living... through Chemistry Products 


"IC, wt, Pat OFF Æ CRONEX is Du Pont's registered trademark for its medical X-ray film. Department 


#210 
BARIUM ENEMA BAG 


A clear plastic bag, 2300cc, 
with 72” non-kink 5/16” 
tubing and V4" I.D. tip. Zip- 
per closure—no spilling. 


#710 B. E. BAG FOR 
AIR CONTRAST 


A clear plastic bag, 
2300cc, with 72” non- 
kink 3/16” tubing, a 
tubing adaptor and 
"Y" extension - valve 
V4" |.D. tip. Zipper 
closure for kneading 
of contents. Packed 
"n 50 units to a carton. 
j | $45.00 per carton. 


#050 REG. ADULT B. E. TIP 
This plastic disposable tip has V4" I.D. Bulk 
packed one gross to a box. $9.00 per box. 


#060 X-LG ADULT B. E. TIP 
This plastic disposable tip has 3$" I.D. Bulk 
packed one gross to a box. $20.00 per box. 


PLAST-EVAC 


A plastic B. E. ring, 

24" in diameter, to 
keep accidents in bounds. Ring shadow out- 
side of diagnostic interest. Three units to a 
box. $12.00 per box. 


Other disposable X-Ray products available. 
Write for literature. 


WALKER 
INDUSTRIES 


41 Sutter St. San Francisco, California 
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THE DIAGNOSIS OF HYDATIDIFORM MOLE, 
MALIGNANT HYDATIDIFORM MOLE AND 
CHORIOCARCINOMA WITH SPECIAL REFER- 
ENCE TO THE DIAGNOSTIC VALUE OF 
PELVIC ARTERIOGRAPHY by Ulf Borell, Ing- 
mar Fernström, Gunnar Moberger, and Lars Ohl- 
son, all of Karolinska Sjukhuset, Stockholm. June 
'66, about 160 pp. (814 X 11), about 137 il. 


PRINCIPLES OF RADIOGRAPHIC EXPOSURE 
AND PROCESSING (2nd Ed., 3rd Ptg.) by Arthur 
Fuchs, Rochester, N.Y. Feb. '66, 300 pp. (7 X 10), 
600 il., $16.50 

THE TRAIL OF THE INVISIBLE LIGHT: From 
X-Strahlen to Radio(bio)logy by E. R. N. Grigg, 
Cook County Hosp. Chicago. '65, 1,016 pp. 
(84% X 11), 1,404 figs., (Amer. Lec. Roentgen Diag- 
nosis edited by Lewis Etter), $36.75 


THE EARLY RADIOLOGICAL DIAGNOSIS OF 
DISEASES OF THE PANCREAS AND AMPULLA 
OF VATER: Elective Exploration of the Ampulla 
of Vater and the Head of the Pancreas by Hypo- 
tonic Duodenography by Paul Jacquemet, Lyon 
Faculty of Medicine, France; Domingo Liotta, Bay- 
lor Univ., Houston; and Pierre Mallet-Guy, Lyon 
Faculty of Medicine. Translated by Lee D. Cady, 
Baylor Univ. '65, 256 pp. (7 X 10), 392 il., $14.50 


S NEW BOOKS 
FOR 
ROENTGENOLOGISTS 


SPLENOPORTOGRAPHY: Diagnostic Phlebog- 
raphy of the Portal Venous System by Lucien 
Leger, Cochin Hospital, Paris. Jan. "66, 132 pp. 
(634 X 934), 89 iL, (Amer. Lec. Living Chemistry 
edited by I. Newton Kugelmass), $8.50 


SURGICAL APPLICATIONS OF LASER by Paul 
Edward McGuff, Laser Medical Research Founda- 
tion, Boston. Jan. '66, 224 pp., 70 il, 56 tables, 
$10.50 


ALPHABETICAL INDEX OF ROENTGEN DI- 
AGNOSES AND PROCEDURES WITH CODE 
NUMBERS OF THE AMERICAN COLLEGE OF 
RADIOLOGY: A CrossIndex of Roentgen Diag- 
noses Alphabetized for a Variety of Filing Systems 
by Gerhart S. Schwarz, New York Medical College 
Chronic Disease Center, New York City, and 
Henry J. Powsner, 7250th United States Air Force 
Hospital, South Ruislip, Middlesex, England. June 
'66, about 124 pp. (8 X 5), 3 il. 

AN OUTLINE OF RADIOGRAPHIC FINDINGS 
IN MULTIPLE-SYSTEM DISEASE by John H. 
Simonton and Robert C. Jamison, both of Univ. 
of California at Los Angeles. Jan. '66, 272 pp. 


$11.75 
CHARLES C THOMAS * PUBLISHER 


301-327 East Lawrence Avenue 
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the ideal product for air contrast colon studies, even with high KV, because 


Excellence of mucosal coating — continuous and non-segmenting. 
Non-flocculating, even on "'post.evac." 


Coating does not tend to dry, crack or peel after repeated evacuations 
or prolonged examination. In 10, 50, 100 and 250 Ib. containers. 


Professional sample supply available on request 


| | L-- “Iu, IN. 


41-14 27TH STREET, LONG ISLAND CITY, N. Y. 11101 


$28 
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these Norelco tomographic units 
ything any other unit will do... 


UE 


The clearest tomograms of thinne ments are preferred. Zonography (small 
sible layers are provided by the trajectory angle circular tomography), producing cut 
and exceptional length (451cm) of the of several cm thickness, is also possible æ 
Norelco Polytomes' hypocycloidal mov any angle from 0° to 20°. 
ments. Focus, tomographic layer and film remai 

Of course, linear, elliptical and circular at fixed mutual distances, thereby preservin 
movements, with wide choice of swing constant enlargement factors of 1.3, wit 
angle and orientation, are provided for secondary holder for magnification of 1.€ 
examinations where conventional move- Removable Grid: 10:1, 110 lines. 





BAR 


Ny in any positi zA ; i 
Longitudinal tabletor Our systems engineers will be pleased to 
| 3 | led information. Write or call 
lorth American Philips Company, Inc., Pro- 
| dical Depart- 


e of longitudinal i ‘arse 10017. In the Chicago area: 749 Howard 
n models are equipped with a Street, Evanston, Illinois. 





Dosage and Administration for Excretion Urography: 
25 cc. by slow LV. injection. Dosage is less for pa- 
tients under 16 years and is in proportion to weight. 
Supply: Renovist is supplied as a sterile aqueous solu- 
tion providing 69% diatrizoate salts containing about 
35 sodium diatrizoate and 34.3% meglumine diatri- 
zoate, in vials of 25 and 50 cc. with sufficient excess 
for sensitivity testing. A 25 cc. dose provides 9,3 Gm. 
of firmly bound iodine. 

Precautions: Use cautiously in severe debility or 
marked hypertension, Severe, life-threatening reac- 





IN EXC RETION tions are rare; their occurrence suggests hypersensitiv- 
ity. A suggested sensitivity test is slow I. V. injection 

UROGRAPHY of 0.5-1.0 cc. of contrast agent (in patients with an 
individual or family history of hypersensitivity, bron- 

chial asthma or allergy, use successive smail incre- 

— GREATER ments over several minutes). Serious anaphylactoid 


reactions (which may occur despite negative pretest) 


CONTRAST DENSITY require immediate treatment. An emergency tray con- 


taining vasopressor drugs should be readily available, 
DUE TO HIGH Contraindications: Consider inherent risks of angio- 
graphy in cyanotic infants and patients with chronic 


IODINE CONTENT — iui For foll information, see 






Squibb Sodium Diatrizoate and 
sasn Meglumine Diatrizoate Injection 


Squibb Quality —the Priceless Ingredient *Meglumine (formerly methylglucamine) 





New compact PAKOROL-XF- 





Process any Standard Brand 
Screen Film in 6 Square Feet! 


Office, clinic or hospital—if you expose x-ray 
film, here’s a processing and drying system to fit 
minimum space and budget! The new Pakorol- 
XF occupies about 6 square feet. Within this 
tidy space, Pako’s gear-driven roller transport 
system gently carries films through developer, 
fixer, wash and drying. 


You can cut darkroom requirements to a 
minimum. You can eliminate radiograph varia- 
tions due to inconstant agitation, varying tem- Saas Se car 

: : Cutaway view of the Pakorol- shows 

nt " y : ae ^e am ^A 
peratures and changing chemical strength Yes, clean unclutered assembly. Mele easy 
you can process 4" x 4” film... and all other sizes access for routine maintenance, A come 


up to 17” x 36” ... up to 85 mixed sizes per hour. pact processor/dryer, the Pakotrol XF 
takes only 6 sq. ft. of floor space, It 
handles 4" x 4" thru 17" x 36" film — 


up to 85 mixed film sizes per hour, 





'The controlled machine processing system of 
ihe Pakorol-XF gives you quality radiographs 


according to- your required standards—and the 90-SECOND PROCESSING for X- 
ray film will soon be forthcoming. 
Modification kits for 90-second 


processing will be available for all 
Pakorol X, XM and XF models. 
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FLEE EL Ke 


General Electric, backed by nearly a three-quarter - 


century heritage in x-ray research and manufac- 
turing, brings you the greatest choice of x-ray 
power in its history. Outstanding example is the 
. completely new DXR-1050—an all-new dimension 
_in three-phase x-ray power generation! 


There’s no comparison with any other three-phase 
unit. It gives you the dependable performance of 
a 12-pulse system that means you'll have the 
power and lightning-fast response you need for 
. todav's most advanced high-ma shortsexnnsure 








and timing as shor as 31i pues col 


Solid-state design i in istic eem n = oe adi | 
exposure control typify the new ' world of sp 3 
ment that's built into the DXR-1050 for you to A 


enjoy ... designed, manufactured, sold and serv- - 


iced by General Electric. Your local C-E repre- E 
sentative can show you how tne x-ray progress _ 
reflected in this new unit provides radiologists - 
with a new dimension—the numai in Ff pertormy 
ance 2nd reliability ties ae d 








A New High 
IN SINGLE PHASE 
X-RAY GENERATION 


Forget all previous standards of perfeċtion for 
single phase x-ray generation—the new General 
Electric DXR-850 introduces design innovations 
that set an all-new high in power to shatter 
previous levels of performance. 

You can effectively reduce exposure time be- 
cause the DXR-850 delivers one-third more 
power than any previous G-E unit—800 ma at 
110 kvp! Solid-state rectification and radio- 
graphic exposure control provide efficiency and 
high speed performance previously unattainable. 
With this newest addition General Electric offers 
a complete line of x-ray generators—allows the 
widest choice in selecting a unit to precisely 
DXR-850—800 ma at 110 kvp meet your radiological requirement. 
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Here are four more ways to build reliability 
and radiographic consistency into your 
hospital-duty diagnostic x-ray installation. 
The General Electric family of fully inte- 
grated x-ray generating units provides you 
with new dimensions of flexibility in plan- 
ning x-ray facilities. All General Electric 
generators anticipate the addition of x-ray 
components of your choice. All provide for 
phototiming; are compatible for use with 
image intensifiers; incorporate automatic 
technic overload protection; share the ad- 
vantage of recessed installation with front- 
access for ease of service. And—all have 
the exclusive design-matched appearance 
for coordination of an entire department. 





Complete Information for planning your 
x-ray generation needs is yours, without 
obligation, from General Electric. See your 





. local x-ray representative or write X-Ray > * a 
Department, General Electric Company, KXD-325 II | KXD-225 
Milwaukee, Wisconsin 53201. 300 ma at 125 kvp 200 ma at 125 kvp 


Progress /s Our Most Important Product 
erurna: @&ricetoier 


The PRESCOTT Overca 


tal 


With extremely smooth, rigid travel 
The Continental PRESCOTT is a significant advance in the field of ceiling tube carriers. 
Ball-bearing rollers for vertical travel are adjustable and run on opposite faces of 
precision steel rails. All undesirable lateral play has been eliminated. Collimator track- 
ing is straight, in all directions. The vertical mechanism is designed to counterbalance 
loads up to 200 pounds. 





by Continen 


Exclusive CABL-TRAK for lateral travel. Electrical locks for all movements —- Auto- 
matic table centering — Illuminated height indicators. 


The PRESCOTT is covered by Continental’s exclusive 5 YEAR GUARANTEE. 
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ln atl Un. mail 
CONTINENTAL X- FAY CORPORATION 


1536 North Clybourn Avenue, Chicago, Illinois 60610 
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Excretory urogram with Hypaque 50 per cent 
(30 cc.) Hydronephrosis, right, secondary 

to cancer of the bladder, blocking the 

orifice of the right ureter; 25 minute film. 


when instrumentation is undesirable 


precise excreto 


There are many patients where cystoscopy or catheterization is either undesirable or 
impossible in determining urinary tract pathology. This may be due to mechanical 
difficulties (e.g., deformity, anomaly, etc.), debilitated states, infancy, advanced age, 
infection, pregnancy or after extensive pelvic operations. 


In such cases, Hypaque Sodium 50% often provides precisely defined urograms of the 
kidneys, ureters and bladder, with valuable information about their functional activities, 
undisturbed by instrumentation. Further advantages are: (1) no age limit to the 
procedure, and (2) no need to administer an anesthetic. 


Contraindications: Advanced renal destruction associated with severe uremia, and 
severe liver disorders. 


Precautions: Caution is advised in patients with hyperthyroidism, hypertension, severe 
cardiovascular disease, active tuberculosis, and a history of asthma or other allergy, 
especially to iodine. Because of the possibility of temporary suppression of urine, it is 
wise to allow an interval of at least 48 hours before repeating retrograde or excretory 
urography in patients with un lateral or bilateral reduction of normal renal function. 
Side effects: Excretory urographic agents may produce symptoms of an anaphylactic* 
nature in sensitive persons. Patients should be watched carefully during injection as 
serious reactions, including fatalities, have occurred with all commonly used mediums. 
Minor reactions, such as nausea, vomiting, excessive salivation, flushing, dizziness, 
urticaria, and muscular twitching may occur. 


Supplied: In sterile aqueous solution. Ampuls of 30 cc. (with 1 cc. test ampuls), boxes of 
1, 10 and 25. Also, rubber stoppered vials of 20 cc. and 30 cc., boxes of 1, 10 and 25. 


*Physicians should study the package insert for information on preventive measures and management of 
untoward reactions before administering Hypaque (diatrizoate sodium), 





Urograms with excellent anatomical detail 


Hypaque 


brand of Ciatrizoate sodium 


an illustrated booklet 


0 with complete information 
P 0 is available by writing to 


Winthrop Laboratories 





A WINTHROP LABORATORIES, 
(Winthrop) PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS | 


NEW YORK, N.Y. 10016 


NEW REMOTE-CONTROLLED INJECTOR 
SAVES X-RAY ROOM SPACE; SPEEDS PROCEDURES 
BY DIRECT DIALING OF FLOW RATE 


Only the new Model 1500 
Barber-Colman Viamonte/ 
Hobbs injector* helps you 
achieve sharpest possible x-ray 
contrast with remote control 
capability. It saves space, too. 
Because the syringe is mounted 
separately, it occupies less 
space where space really counts 
— beside the x-ray table. 

A wall-mounted panel places 
all controls under the radiolo- 
gist's supervision, even during 
injection, adjacent to other 
x-ray controls. Controls are 
centralized in one area. Only 
the spacesaving, pedestal- 
mounted syringe stays proxi- 
mate to the patient. 

Like every other Barber- 
Colman injector, this model 
lets you: (1) dial delivery rates 
directly in ml/sec; (2) compen- 
sate automatically for all com- 
mon injection variables; (3) 
inject with repeatable accuracy. 


Automatic flow rate control 
Key to all of these advantages 
is Barber-Colman's automatic 
flow rate control. It obsoletes 
complicated procedures of esti- 
mating pressures first, then 
interpolating from nomographs 
to allow for catheter size, media 
viscosity, and other injection 
variables. 

Merely dialing the desired 
flow rate and injection time on 
the injector control panel re- 
sults in accurate delivery of the 
selected volume. 

Clinical data is described 
simply—in basic delivery rate 
units (ml/sec) and volume (ml). 

Rapid injections deliver the 
x-ray definition you demand. 
The entire 100-ml syringe can 
be discharged at rates infinitely 
variable up to 60 ml/sec, within 
the physiological limits of the 
particular procedure and of the 
specific catheter design. 


Wall-mounted control panel of new Model 1500 Barber-Colman Viamonte/Hobbs 
injector actuates syringe positioned next to patient. Injector head rotates for posi- 
tioning proximate to injection site. Syringe load/unload control also at injector. 


*Patent Pending 


BARBER 
COLMAN 


VIAMONTE/HOBBS iNJEcroR 






New safety precautions 

An exclusive ‘‘GroundSafe’”’ 
sensing circuit detects differ- 
ences in electrical potentials 
which may exist between the 
injector and x-ray equipment 
prior to, or during the injection. 
Differential detection level is 
set at approximately 40 milli- 
volts. The injector stops in- 
stantly and automatically when 
such a ground potential differ- 
ential exists. 

As an extra failsafe measure, 
a positive mechanical stop can 
be set to limit the volume of 
contrast media delivered. 

An arming switch avoids ac- 
cidental injector firing during 
preparatory procedures. 

Injection is controlled with a 
hand-held switch. An optional 
foot switch simplifies stuttering 
during catheterization proce- 
dures. Control of injection pro- 
cedure is complete with either 
the hand or foot arrangement. 
When either switch is released, 
the injection terminates instantly, 
overriding all previous injection 
programming. 

Variable x-ray timing 

Injector can be set to trigger 
x-ray equipment immediately 
after injection starts; in incre- 
ments up to two seconds delay; 
or not at all. A switch to start 
x-ray film changer prior to in- 
jection also is available. 


Other models available 

If you don’t need a remote con- 
trol capability, Model 2000 
combines injector and all con- 
trols in one compact and mobile 
chassis, easily portable for 
multi-room use. 

Your request for more infor- 
mation on any model of the 
Barber-Colman Viamonte/ 
Hobbs injector will receive 
prompt reply. 
BARBER-COLMAN COMPANY 


Electro-Mechanical Products Division 
Rockford, Illinois 
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IHE ROENTGENOGRAPHIC FEATURES OF THE KS 
MUCOPOLYSACCHARIDOSIS OF MORQUIO 
(MORQUIO-BRAILSFOR D'S — m" 


By LEONARD O. LANGER, ]n 


M.D., 


and LEWIS S. CAREY, M.D. 


MINNEAPOLIS, MINNESOTA 


ORQUIO’S disease, or to be histor- 

ically correct, Morquio-Brailsford’s 
disease, is a disproportional dwarf condi- 
tion independently described in 1929 by 
Morquio,^!* a pediatrician in Uruguay, 
and by Brailsford, a radiologist in En- 
gland. This condition is also known as 
chondro-osteo-dystrophy,  osteoechondro- 
CORAN e anos. oC pen nat: 


genita d Morquio-Ull a a dt 
is hereditary with an autosomal recessive 
mode of transmission. 

Confusion concerning the diagnostic 
eriteria for Morquio’s disease developed 
soon after the original articles by Morquio 
and Brailsford. In Morquio's article in 
1935," he mentioned 8 articles by other 
authors who considered their patients to 
have Morquio's disease. Only 3 of these 
articles actually described patients with 
this condition. Brailsford, in his subsequent 
publications, included a fren of condi- 
tions under his term chondro-osteo-dys- 
trophy which were different from his 


original case. As a result, most dwarfs of 
the short trunk variety showing roen tgeno- 
graphic evidence of universal platyspon- 
dyly have been and are still being classified 
as Morqui 10's disease. 

On the basis of recent clinical, roent- 
genographic, and biochemical studies, it 
has become apparent that (1) Morquio's 
disease 1s a specific biochemical disorder 
characterized bv the E of kerato- 
sulfate in the urine; (2) bone changes in 
this condition are diagnostic and include a 
pd pattern of universal platyspondy|ly 

(3) corneal opacities and dental Po 
malities are a constant feature of this con- 
dition; (4) dwarfs with other patterns of 
universal platyspondyly do not have uri- 
nary keratosulfate, corneal opacities or 
nu Abnormalities; (5) platyspondyly, 
per se, i$ not an adequate criterion for the 
di ones of Morquio’s disease; and, (6) 
an unequivocal roentgenologic di agnosis of 
Morquio's disease can be made at an early 
age (1 year) before typical clinical defor- 
mity 1s manifested. 


* Aided by Grants from the National Foundation, Wallace Cole Orthopedic Fund, and U, S. Public Health Service AMI-E2 19,212 


and HE-O 6314. 
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MATERIAL 


This article deals with the diagnostic 
roentgenographic features of Morquio's 
disease. Our analysis is based on the follow- 
me X Roentgenographic, chnical, and 
laboratory studies on 23 patients bi 


ally seen by one of the authors ( 
Roentgenogr aphic studies were review P 
on 6 additional patients with universal 
platyspondyly. H. Review of cases in 
English literature designated as spondylo- 
epiphyseal dysplasia congenita (Morquio 5 
disease) by Rubin? in his textbook, “Dy- 
namic Classification of Bone Dvsplasias.' 
IT. 
Morquio’s disease in the world literature ac- 
cording to Maroteaux, Lamy and Foucher™ 
in their recent article on this condition. IV. 
Review of English language cases reported 
as Morquio’s disease since the above two 
sources and through 1964. 


RG 


Leonard O. Langer, Jr. and Lewis 


Review of all legitimate cases of 


1. CA) Young child, Oval nee bodies. (B) Older child. Central " i 
Flattened rectangular shaped bodies. 


Crey May, 1966 


I. PERSONAL SERIES 


Of the 23 patients with universal platy- 
spondyly studied at the University of 
Minnesota, 10 had roentgenographic bone 
changes identical to those of Morquio’s 
patients and the first patient of Brailstord. 
All 10 of these patients showed fine corneal 
opacities, frequently visualized only on 
slit lamp examination. The 8 patients who 
had their original teeth showed a very fine 
enamel laver with sharp pointed cusps. 
This was present in both the deciduous and 
permanent teeth and predisposed to caries 
formation. Our 2 oldest patients had had 
all their teeth removed because of marked 
caries. The § patients in whom technically 

satisfactory paper chromatography of the 
urine was accomplished, showed keratosul- 
fate, an abnormal urinary mucopolys de: 
charide. The other 13 patients in our series 
did not have AE opacities, dental ab- 
normalities, or abnormal mucopolysac- 





(C) Adult, 


tongue." 


Vor. 97, No. I 


Morquio-Brailsford's Disease 


C3 





Fic. 2. (4) Young child. Hook-shaped bodies. (B) Older child. Further ossification anteriorly. 
(C) Adult. Vlattened rectangular shape in some bodies. 
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charide in the urine. They had different 
patterns of universal platyspondyly from 
that of Morquio and Brailsford's original 
cases. It seems clear that these latter pa- 
tients do not have Morquio's disease, al- 
though thev have conditions which have 
been diagnosed as Morquio's disease in the 
medical literature. 

Roentgenographic studies in 6 other 
patients with Morquio's disease in which 
teeth changes could be evaluated were re- 
viewed. The ages of personally examined 
Morquio disease patients range from 15 
months to 52 years. The longest serial study 
covered 22 years. The longest serial study 
beginning before the age of 2 vears covered 
à I4 year period. 

The diagnostic roentgenographic changes 
of Morguio’s disease are seen in the teeth, 
spine, pelvis, hands and wrists. There is 
Hattening of all of the vertebral bodies, 
hence the descriptive term, universal platy- 
spondyly, as has been emphasized bv all 
authors. However, this flattening has a 


specific pattern and, as is true in the other 


bones of the bodv, the appearance varies 
with the age of the individual. 


ROENTGENOGRAPHIC FEATURES IN THE 
YOUNG CHILD 

In early. childhood, the flattening of the 
thoracic vertebrae is not marked. In the 
lateral projection, the bodies have an oval 
shape (Iig. r.7). In the thoracolumbar 
Junction and in the lumbar region, the 
bodies have a defect in ossification in their 
anterior superior aspect (Fig. 2.7). The 
odontoid process of the second cervical 
body is mildly hypoplastic (Fig. 3.7). The 
pelvis in the young child shows a relatively 
long pelvic configuration. There is some 
faring of the iliac wings and deficient 
ossification of the superior aspects of the 
acetabula with mild coxa valga deformity. 
The femoral necks are heavy without the 
normal constriction at their mid point. 
The capital femoral epiphyses are normal 
or only shghtly flattened at this age (Fig. 


4 Leonard O. Langer, Jr. and Lewis 5. Carey 


FIG. (3 
sell normal, (4) 
heads; skull normal. 


^oung child. Mild hypoplasia of edontoid; 


Adult. Concavity of condylar 


64). ' hands show conical bases of the 
a 2 through s. There 1s some 
normal constriction of the metacarpal 
shafts. A normal number of ossified carpal 
bones are seen at this age. There may be 
some ceformity of the distal ulna with the 
plane of the growth plate inclined toward 
the radius ( Fig. 7 d). 
the teeth is thin and there are 
pointed cusps (Fig. 1). 
Other bone changes at this age include 
abnormal modeling of the humeral, radial, 
and ulnar shafts and mild dorsal angulation 
of the humeral necks (Fig. 10.7). There is a 
barrel-chest configuration n discrete 
sternal protrusion (Fig. 9.7). The skull, 
mandible (Fig. 34), ribs y d), and 
long tubular bones of the lower extremities 


small sharp 





The enamel laver ot 


May, 1966 
(Fig. 11,7) are normal at this age (Table 1). 
ROENTGENOGRAPHIC FEATURES IN THE 
GLDER CHILD 

Evolution of bone changes occurs 


throughout childhood. The thoracic bodies 
grow very slowly in height and a central 
tongue of ossifed bone is seen extending 
anteriorly from the oval shaped body (Fig. 
15). There is additional ossification an- 
teriorly in the lumbar vertebrae as well, 


‘pave | 


DIAGNOSTIC ROENTGENOGRAPHIC 
PATIENTS UNDER. THE 


FINDINGS IN OUR 
2 YEARS 


AGE OF 








Teeth C hanges | -+ : NE 
Hs pop zi astic or Absent | 4 | NF 
Odontoid | (mid) | 
: | | 
ay aushapel i Thoracic | i | F 
Bodies | | longue 
in lower 
| thoracic 
| | bodies 
Hook-Shaped Lumbar | T | x 
Bodies | | 
' ips . A | 
Flared [a F | c 
TINO MEN 
Long Pelvic ( T | sp 
Configuration | 
Mr TOES ES MR T RIEN RR 
Coxa Valga | -+ | T 
| (mild) | 
aaas a h aA A S, Ea ai a EA EA OEE | aG Ea Mies ENN fn eon ye A | ———M——Ó— 
De ficient Ossification of | s | ur 
Superior Acetabula | | 
C onical Bases of -+ T 
Me LE als 2-5 | 
Normal Constriction of A | -4+ 
Metacarpal Shafts | | 
tas Sister etna ae steels epee ieee |e 
Carpal Cei ters | Normal Normal 
| for age for age 
FORE Jeu am a FRA d oou UM ms r dq eode vt E E a hens NEE pn-— ———— eana Lem aded nis we — 
Deformity of Distal | 4- | I 
Ulna | | 
| | 


mfo E presen t. 
NE- not evaluated. 


Q 


FIG. 4. 


Morquio-Brailsford’s Disease 


DET 





4) Older child. Aypoplasia of odontoid; posterior arches of Ct fit into foramen magnum. 


(B). Adult, Absence of odontoid; posterior arches of C1 fit into foramen m: ignum. 


but the hook-shaped configuration persists, 
particularly in the thoracolumbar junction 
region, The intervertebral disk spaces are 
wide (Fig. 25). The odontoid process is 
hypoplastic or absent (Fig. 4,7). The pelvis 
narrows at the level of the acet: ibula, giving 
a definite long narrow over-all pelvic con- 
hguration. The iliac wings are flared. The 
superior aspects of the acetabula are poorly 

ossified. The cleft of the hip joints is wide. 
The femoral capital epiphyses undergo 


compression. and fragmentation; this is 
usually first seen between the ages of 34 
and 6 years, The coxa valga deformity is 


more marked than in earlv childhood (Fig. 
6, B and C). In the hands, there is addi- 
tional ossification at the bases of the 
metacarpals, giv Ing à more normal con- 
figuration than in early childhood. The 
distal metaphvses of the metacarpals 2 
through 5 are wider than the adjacent epi- 
physes. The ossified carpal bones are small 
and mav be reduced in number as com- 
pared with the normal standards for the 
individual's age. Most frequently, the 
navicular bone does not ossify. The planes 
of both the distal ulnar and radial growth 
s are slanted toward one another 


(Fig. 75). 


junction region ( 


Other roentgenographic findings in this 
age range are broadening of the anterior 
portions of - ribs and IS sternal 
protrusion (Fig. 95). The clavicles are es- 
sentially Visit in Morquio's disease (Fig. 
8B) in distinction to the definite clavicular 
changes which are found in severely af. 
tected individuals with the Hurler svn- 
drome. There may be retroplacement of 
one of the relatively small hook-shaped 
lumbar vertebrae in relationship to the 
other vertebrae or anterior displacement of 
the vertebrae above a hvpoplastic hook- 
shaped vertebra in the thoracolumbar 
dig. 25). At the base of 





lic. $. Thin enamel layer in both deciduous and 
unerupted permanent teeth; small pointed cusps. 
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c changes 


lig, 6. See text for discussion of pelv 
epiphyses. (5). Age 2 2-6 vears. Beginning of compression of capital femoral epiphyses. (C) Age 6-16 years. 
Marked compression and fragmentation of capital femoral epiphyses. (D) Adult. Disappearance of femoral 
heads; erosion and widening o: femoral necks. 


the skull in addition to hypoplasia of the 
odontoid process, there appears to be excess 
motion of Cr in relationship to € 2 and the 
posterior arches of Ct fit into Bie posterior 
aspect of the foramen magnum (Lig. 4.7). 
Ir is this dE E EAE d anog: 


Ae are seen in o K eee 2 
permanent teeth. In the pelvis, the sym- 
pavsis pubis is wider than normal (Fig. 6, 
4-D). The shoulder joints are wider than 
normal. The surgical neck of the humeri 
shows dorsal angulation and there is some 
irregularity at the distal end of the humeri. 
Commonly, the proximal alnar and radial 
shafts show widening, particularly in the 
region of the tuberosity of the radius. The 


Mar, 1966 


(A) Young child. Minimal flattening of capital femoral 


radius and ulna are frequently shorter than 
normal and the ulna is disproportionately 
shorter than the radius (Fig. 105). In the 
lower extremities, the distal femoral meta- 
physes show some sclerosis along the 
growth plate. There 1s increased trabecula- 
tion in the lower portion of the femur, 
sometimes simulating the appearance of the 
linear seams of cartilage seen in enchondro- 
matosis. These changes are apparently due 
to stress phenomena. The distal femoral 
growth plate may be somewhat oblique to 
the shaft of the femur contributing to the 
genu valgum deformity. Similar obliquity 
may be seen in the proximal tibial meta- 
phvseal region. There is frequently less 
good ossification of the lateral aspect of the 
proximal tibial epiphysis than of the medial 
aspect. Separate small ossification centers 
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(A) Young child. Conical bases of metacarpals 2-5; normal constriction of metacarpal s 





shafts; normal 


number of ossified carpal bones; obliquity of distal ulnar growth plate. (5) Older child. Distal metavhyses of 
metacarpals wider than adjacent epiphyses. Normal constriction of metacarpal shafts; decreasec number 


and small 


size of ossthed carpal bones; obliquity of both distal ulnar and ae ul grow th plates. (C) Adult. 
Fusion of growth plates; normal constriction of metacarpal 


bones: less marked deformity of distal ulna and radius. 


are seen on the lateral aspect (Fig. 115). 
The joint cleft of the knees is wide. The 


changes in the feet are similar to those in 

the hands although less marked (Table i 

and nī). 
ROENTGEXOGRAPHIC 


FEATURES IN THE ADULT 


The anterior portions of manv of the 
vertebrae ossify and give a normal but 
flattened rectangular configuration on lat- 
eral roentgenograms (Fig. 1C). There is still 
an anterior superior osseous defect in one 
or more bodies in the thoracolumbar junc- 
tion region. The height of the bodies does 
not increase from late childhood. The disk 
spaces remain wide (Fig. 2C). The odontoid 
process 13 hv poplastic or absent with fitting 
of the posterior arches of Ci into the 
foramen magnum (Fig. 4B). There appears 
to be less relative motion of Cr on C2 in 
Hexion and extension roentgenograms at 
this age. In the older child and adult, there 
is flattening or actual concavitv in the 
configuration of the condylar head of the 


shafts; decreased number of ossified carpal 
mandible (Fig. 36). These changes are the 


same as those described by Horrigan and 
Baker? in individuals with the conditions 


of the Hurler syndrome. At this age in ad- 
dition to the teeth changes previously 


noted, there are many fillings present or 
all the teeth have been extracted because 
of numerous dental caries. In the pelvis, 
the configuration 1s the same as described 
in late childhood. Now complete disap- 
pearance of the ossified femoral heads with 
erosion and widening of the femoral neck 
occurs. There 1s not, however, coxa vara. 
This deformity is never present in Mor- 
quio’s disease. The joint En rema:ns wide 
unless gross subluxation occurs, and the 
Sy ymphy sis pubis is wider than normal 
4 Roentgenograms ot the hand 
a sho shortening of the metacarpals. 
lhe carpal bones are small and mav be 
decreased in number. There may be some 
restoration of a more normal configuration 
of the distal radius and ulna. Frequently 
there is ulnar deviation of the aand becadae 
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Fic. 8. C4) Yeung child. Only mild platy- 
spondvlv. (B) Older child. Definite platy- 
spondyly; wide ribs; normal clavicles. 
Adult. Definite platyspondyly; wide r 
with paravertebral narrowing; normal clav- 
icles, 








of deformity and shortening of the ulna. widening of the ribs combined with a nar- 

Fusion of the epiphyses occurs at a normal rowing in the paravertebral portions, par- 

age (Fig. 7C). ticularly in the lower ribs (Fig. 8C). T 
Other roentgenographic findings include sternum is thick; there is absence of bony 











* 


(4) Young child. Mild ep thoracic cage. (B) Older child. Marked sternal protrusion. 











Fic. 10. Young child. Abnormal modeling of humerus, radius and ulna; mild dorsal angulation of humeral 
neck, child, Dorsal angulation of humeral neck; widening of proximal radiu | : 





i 


loreshortening of humeral head due to dorsal angulation of neck; prominent deltoid 
humerus, radius and ulna in elbow region. Ulna disproportionately short. 
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Fic. 11. G7) Young child. Essentially normal. (B) Older child. Sclerosis adjacent to distal femoral growth pla 
and increased trabeculations in distal shaft. Similaz changes in proximal tibia; changes at knee contrili 
ing to genu valgum (see text). (C) ddult. Similar to older child except for changes due to maturati 


fusion between the manubrium, body and 
xiphoid, and there is marked pectus car- 
inatum deformity. The clavicles are rela- 
tively normal in shape. The joint space at 
the shoulder remains wide. The glenoid 
fossae are shallow. Deformity of the proxi- 
mal humerus persists. The deltoid tubercle 
may be prominent. There is relative widen- 
ing of the ends of the bone in the elbow 
region and again the proximal ulnar and 
radial shafts are wide. As mentioned before, 
the ulna is commonly disproportionately 
shorter than the radius (Fig. 10C). 

In the lower extremity, the lower ends 
of the femur and the upper ends of the tibia 


factors. Diaphyses are normally modeled in distinction to upper extremity. 


are large in relationship to the shafts of tl 
bones. The same type of change is seen 

the metaphyseal region as described in la 
childhood and there is usually deficie: 
ossification of the lateral aspect of proxim 
tibia. All these changes contribute to tl 
genu valgum deformitv. In the adul 
diffuse osteoporosis is common, presur 
ably due to disuse factors (Fig. 11C). TI 
shafts of the long bones of the lower e 
tremities are generaly quite slender ar 
without irregularities in their contour 

distinction to the irregular widening ar 
narrowing seen in the shafts of the lor 
bones of the upper extremities (Table tv 
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DIAGNOSTIC ROENTGENOGRAPHIC FINDINGS AT AGE 2 THROUGH Ó YEARS (IT IS IN THIS 
PERIOD WHEN THERE IS THE MOST EVOLUTION OF BONE CHANGES) 


Case 
Teeth Changes 


Hypoplastic or Absent 
Odontoid 


Anterior Tongue Thoracic 
Bodies 


Hook-Shaped Lumbar 
Bodies 


Wide Disk Spaces 


Flared Ilia 


Capital Femoral Epiphysis 


Compression 


Long Pelvic Configuration 
Coxa Valga 


Deficient Ossification of 
Superior Acetabula 


Increased Joint of Cleft Hip 


Conical Bases of Metacarpals 


2-5 


Normal Constriction of 
Metacarpals 2-5 


Carpal Centers 


Deformity of Distal Radius 


and Ulna 


+ = present, 

DN = decreased number. 
NE&= not evaluated. 
NIN= normal number. 
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ae 
NIN 
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at § yr. 


































































































II 
Tase II 

3 3 6 7 8 9 
d NE | + + NE | NE 
T NE T NE NE NE 
T a zy ag F a 

(min.) 
ux T NE + Es E 
zi "E "E 1% zs T 
+ T NE T zs z 
+ T T ES ta4* 
(5)* (6)* NE (6)* | (min. 
at 5)* 
+ + | NE] + | + | 4 
sp zs NE F F T 
F + NE | + F es 
af T E E NE T 
(min.) 
ES E NE 22 NE NE 
(min.) 

a + + T NE NE 
NIN | NIN | NIN | NIN | NIN | NE NE 
T a T ep + NE 


d 


+ 





min.= minimal. 
+= equivocal, 
* age at first examination showing this change. 


II. EVALUATION OF CASES IN THE 


ENGLISH LITERATURE 


In Table v an evaluation is presented of 
the cases considered by Rubin in his text- 
book, “Dynamic Classification of Bone 
Dysplasias" (pp. 118—119)? as representing 
congenita 


spondyloepiphyseal dysplasia 


(Morquio's disease). This evaluation is 
based on the roentgenographic, clinical, 
and biochemical criteria presented above. 


III. REVIEW OF CASES IN THE 
WORLD LITERATURE 


Review of the 96 cases in the world litera- 
ture through 1963, from the recent article 











































DN decreased number. 


on Morquio's disease by Maroteaux eż a/.? 
shows that these cases appear to represent 
true Morquio's disease with the exception 
of the 4 siblings described by Whiteside 
and Cholmeley*® and one of the 2 cases of 
Shelling. It is probable that Maroteaux 
et al. did not consider this latter case an 
example of Morquio's disease but no nota- 
tion to this effect is included in their ar- 
ticle. 


IV. REVIEW OF CASES SINCE 1963 


Review of cases reported in the English 
language literature as Morquio's disease 
since the publication of the above 2 sources 
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Taste III 
DIAGNOSTIC ROENTGENOGRAPHIC CHANGES AT AGE 6 THROUGH 16 YEARS (IN THIS AGE 
RANGE THE ESTABLISHED CHANGES PROGRESS IN SEVERITY) 
Case 2 5 | 6 7 8 9 ro IY 12 
Teeth Changes NE +. +- NE NE NE +. EN + 
Hypoplastic or Absent Odontoid NE NE -+ NE NE NE -+ + NE 
Anterior Tongue Thoracic Bodies + 4 -+ + + + +  -andflat + 
and rect. 

Hook-Shaped Lumbar Bodies i T T + zs T JT + 
Wide Disk Spaces + 4 -+ + + + + |+ (min)| + 
Flared Hia az + + F T T + T T 
Capital Femoral Epiphysis Com- |-- (15)* +. (8)* T + ar + + (16)* -+ -+ (15)* + 
pression Neck er. Neck er. | Neck er. | Neck er. Neck er. Neck er. 
Long Pelvic Configuration + + + + 
Coxa Valga + + 
Deficient Ossification of Superior T -+ 
Acctabula 
Increased Joint of Cleft Hip + + 
Conical Bases of Metacarpals 2-5 + + 
Normal Constriction of Metacar- + -t 
pals 2-5 
Carpal Centers DN DN 
Deformity of Distal Radius and + + 
Ulna 
Flat or Concave Mandibular Con- | NE t 
dyle Heads 

-+ present, — v: absent. 

NE» not cvaluated. += equivocal, 

Neck er. neck erosion. rect.= rectangular, 


* age at first examination showing neck erosion. 


through 1964, revealed 4 articles on Mor- 
quio’s disease which included roentgeno- 
graphic studies. Two of these articles 
described conditions which were not Mor- 
quio’s disease.5!? Two articles described 
patients with Morquio’s disease but com- 
plicated the diagnostic issue by introducing 
the term Morquio-Ullrich's disease.?:* 


DISCUSSION 


Morquio in 3 articles, 2 in 1929/18 and 
1 in 1935," described 4 affected siblings in 
one family. Their normal parents were 
cousins. He referred to the condition as a 
familial osseous dystrophy. Brailsford? orig- 
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Tarse IV 


DIAGNOSTIC CHANGES IN THE ADULT 


Case 8 | 9 | 13 | 14 | pt | 16 
M a_a MEME CIEL I 
Teeth Changes 4 | 4 4 | | no teeth | no teeth 
ENERO MOREM rend Atala NITE NINOS 
——— -——— C | | | 
Hypoplastic or 4 + | + | | + | 4- 
Absent Odontoid hypoplastic | | | hypoplastic | 
| | | i | 
M S I —— a 
Anterior Tongue -— “fe + and + and | and — 
Thoracic Bodies flat and rect. flat and rect. | Hat and rect. | flat and rect. flat and rect. 
To A ET | | | | 


Hook-Shaped 
Lumbar Bodies 

















Wide Disk Spaces + + | + + + 
2 RENTEN NE Dra acti be mae UP Se a a | ai aS ae paa a EIER aper REM a a AAE | EDIT he ne DER | DECRE UE NERA NEUE UR 
Flared Ilia | + | -+ | 4- | -}- | 4- 
SEHE RS ISP NEU Ee emn NE RENE e ER ——MSÀ O | AEE De ESA d. pM ids a 
Absent Femoral Head! zz 4. 4 ~ | | 4 
Eroded Femoral | | | | | 
Neck | | | | 
Long Pelvic $ £ | Hs d | $ | d 
Configuration | | 
"PT c ERRORS um E METER ee [unie een cd | ide alta Deira as 
| Neck xx as + t 
| eroded, Neck short, | Neck short, | Neck short, | Neck short, 
Coxa Valga | -+ head completely | completely | completely | completely 
absent eroded eroded eroded eroded 
Deficient Ossification | 
of Superior 4- 4- + + -+ J- 
Acetabula 
Increased Joint — — + + + -— 
Cleft of Hip subluxation | subluxation | subluxation 
Conical Bases of = — 4- oh — | 4 
Metacarpals 2-5 mild mild | mild 
Normal Constriction -+ 4- -+ 4- + | T 
of Metacarpals 2-5 | 
: 
Detormicrot Distal $ a T 4 + qoc 
Radius and Ulna | 
Flat or Concave | 
Mandibular + 4- 4- + d- J- 
Condyle heads | 
-+= present. 


— = absent. 

+ = equivocal. 

DN = decreased number. 
rect. = rectangular, 
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Tage V 


EVALUATION OF CASES CONSIDERED BY RUBIN TO REPRESENT SPONDYLOEPIPHYSEAL DYSPLASIA 
CONGENITA (MORQUIO'S DISEASE) ON BASIS OF CURRENT ROENTGENOGRAPHIC, 
CLINICAL AND BIOCHEMICAL CRITERIA 











Comment--Primaril Bido 
Author Year Age and Sex Journal y 
Roentgenographic Findings 

Morquio 1929 female, 14; male, 8 j Soc. Jae Original cases of Morquio 
- 4 7» 145 E i: ^ " 

Morquio 1929 female, 14; male, 8 3 méd. d'enf., Original cases of Morquio 

32, 129 
Brailsford 1929 male, 4 Am. F. Surg.,7, 404. Original case of Brailsford 
Brailsford 1931 male Brit. T. Radiol., 4,81 Original case of Brailsford 
M s4 : 9 Fs 94 £ 

Dale 1931 female, 25; male, 11 Acta radiol., 72,337 Morquio's disease 
female, 4 
(in 2 families) 

Ruggles 1931 8 children AM. J. Roenrcenot, — Illustrated children have Morgi 
(§ families) & Rap. THERAPY, disease 

25, 91 
Wright 1931 male, 10 Proc. Roy. Soc. Med., Not TORT ae on basi 
24, 283 pelvic and hand configuration 

Meyer aad 1932 male, Am. f. Dis. Child., Not Morquio's disease on basi 

Brennemann 10 mo.-63 yr. 2, 123 pelvic configuration with : 

vara; dw E in Ist year of 

Turner 1933 male, Io Proc. Rov. Soc. Med, Not Marae s disease on basi 

26, 775 pelvic and spine configuration 

Brown 1934 female, 9; female, 12 M. F. Australia, Not Morquio's disease on basi 
female, 58 I, $98 pelvic and spine configuratio 

another article on these patie 

Warbany and 1934 male, 12 JJ. uidi. e 2.734 Not Morquio's disease; agree 

Mitchell Rubin; this is a type of mul 

epiphyseal dysplasia 

Neale and 1934 male twins, 6 Arch. Dis. Child., Morquio's disease 

Hucknall 9, 51 

Morquio 1935 male, 15; male, 19 Arch. méd. d'enf., Morquio’s disease, siblings of ori; 

38, 5 cases 

Brown and 1936 male, 9; male, 11 Arch. Dis. Child., Morquio's disease 

Summerfeldt Tf, 

Hirsch 1937 female, 51; male, 19 y, Bone & Toint Cases 6 E 7, Morquio's dis 
female, 17 Surg., 19, 297 Cases 1-5 not Morquio’s dis 
male twins, 12 they represent a type of mul 
male, 10; male, § epiphyseal SIS 

Pohl 1939 female, 22 T. Bone © Joint Not Moric’: disease on basi 

Surg., 27, 287 spine configuration and also s 


Ioa E RENE Ib etr PAN tra i t a a a E a aa a à) M e ETT TT TIT AAAA E AA n rar m a PT a RIT bane esr APA eer H N 


* Brown and MacDonald. Australian © New Zealand J. Surg., 1933, 5, 78. 
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Author 


Crawford 


Reeves and 


Baylin 
Einhorn ef al. 


Fanell ef al. 


Russo 


Einhorn ef al. 


Scott and 
Rotondo 


Fairbank 


Jackson 


Whiteside and 
Cholmeley 


Brailsford 


Toma 


Year 


1939 


1941 


1941 


1942 


1943 


1946 


1946 


1949 


I951 


1952 


1952 


1953 


Morquio-Brailsford’s Disease I5 


TABLE V (Continued) 


Age and Sex 


male, 9 


male, 5; female, 6 


male, 12; male, 7 
male, 7 


female, 19; male, 14 


female, 26 


male, Io 


female, 5 


female, 52; male, 56 
female, 62 


male, I~II yr. 
male, 2-9 yr. 
female, 6-12 mo. 
male, 2 mo.—24 yr. 


male, 14-18 yr. 
female, 34—24 yr. 
male, Io 

female, 22 


female, 7 
female, 17 


T Wheeldon. dm. 7. Dts. Child., 1920, 7, 19. 
t Benda. Developmental Diseases of Men*ation & Cerebral Palsies, Grune & Stratton, N.Y., 1952, p. 434. 


Journal 


Arch. Dis. Child., 
14, 19 


Radiology, 36, 363 


Am. J. Dis. Child., 
67, 716 


Arch, Neurol. C9 
Psychiat., 48, 456 


Radiology, 41, 42 


Am. F. Dis. Child., 
72, 536 


Arch. Pediat., 63, 261 


T. Bone & Joint 
Surg., 31B, 291 


F. Bone € Foini 
Surg., 33B, 420 


Arch. Dis. Child., 
27, 487 


F. Bone & Joint 
Surg., 34B, 53 


S. Clin. North 
America, 336, 1765 


Comment—Primarily Based on 
Roentgenographic Findings 


and pelvis configuration in infancy 
in another articleT 


Not Morquio’s disease on basis of 
spine, pelvic and hand configura- 
tion 


Not Morquio's disease on basis of 
pelvic and hand configuration 


Cases 1 and 2, Morquio's disease 
(roentgenograms of Case 2 are 
labeled Case 3 in article and vice 
versa); Case 3 not Morquio's dis- 
ease on basis of spine configuration 


Not Morquio's disease on basis of 
hand configuration and skull 
(teeth) in another publication on 
same patients] 


Negro adult with Morquio's disease 


Case 2 of 1941 article by Einhorn 
ef al.; cord damage at autopsy 


Negro child with Morquio's disease 


2 patients have Morquio's disease; 
2 have different conditions on basis 
of spine and pelvic configuration 


These cases have been referred to by 
some recent authors as diastrophic 
dwarfism; personally favor form of 
multiple epiphyseal dysplasia with 
club feet 


Not Morquio's disease on basis of 
pelvic configuration at II years 


Cases 2, 4 and 5, Morquio's disease; 
Case 3 not Morquio's disease on basis 
of pelvic configuration 


Case 1 has Morquio's disease; Cases 
2 and 3 not Morquio's disease on 
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Tape V (Continued) 
$ Comment-—Primarily Based on 
Author Year Age and Sex Tournal 
i: AOE NORTAP ME Findings 
female, 4 basis of pelvic and hand configura- 
tion 
Lipshutz 1955 male, 3 F. Pediat., 46, 403 Not Morquio’s disease on ae of 
female, 7 hand and pelvic configuration 
Melki is and 19:8 male, 28 Arch. Pe Hix , 285  Morquio's disease 
FI 3 5 
Mautner 
Hona 1961 families 7-27 Problems of Hereditary Only families 7-10 have individuals 
except for 19 Chondrodysplasia, with Morquio's disease 
(according to Rubin) Oslo Univ. Press, 
Oslo 1961 
Schenk ue jon male, 12; female, 17 Pediatrics, 34, 839 Morquio's disease 


Haggerty 


inally described a 4 year old patient under 


the term chondro-osteo-dvstrophv and 
gave a detailed description of the roent- 


genographic findings. 

Nlorquio in his article in 1935 mentioned 
8 articles by other authors between 1929 
and 1935 « describing c cases considered bv 
these authors to have Morquto’s disease. 
He rejected the cases in 2 of these arti- 
cles. >" Of the remaining 6 articles, 3 ?:5:15.22.26 
3 reported true Morquio's disease pa- 
tients c 

Brailsford included a large number of 
cases under his term chondro-osteo-dys- 
trophv. He divided them into the following 
4 groups, based on severity and regional 
distribution of deformity as seen on roent- 
genograms: Group A, severe generalized 
cases, in which he placed his first patient; 
Group B, where the active progression of 
the disease appeared to cease before pu- 
bertv; Group C, where the changes were 
confined chiefly to the spine, hips and 
knees. Interestingly enough, he included 
Morquio's patients in this group; and 
Group D, where changes were confined to 
the vertebral column. His classification 
included a number of different conditions 
in each group and provided a precedent for 
including any condition presenting a short 
spine as Morquio's disease. 


It is our opinion that the first case pub- 
lished under the name of Morquio's disease 
in the American literature, by Mever and 
Brennemann, represented another condi- 
tion. Roentgenograms and photographs of a 
€ vear old boy with the same condition as 
Meyer and Brennemann's s patient are used 
to illustrate the section on Morquio's dis- 
easein ele s textbook, “Pediatric X-Ray 
Diagnosis. ? We have examined patients 
with this condition and found that they do 
not have corneal opacities, dental abnor- 
malities or keratosulfate in the urine. They 
are dwarfed at birth unlike true Morquio’s 
disease patients, and there 1s no evidence 
to our knowledge that this condition has 
an autosomal recessive mode of genetic 
transmission as is true in Morquio's disease. 

If we accept Rubin's suggested distinc- 
tion between bone dysplasia and bone 
dystrophy, Morquio's disease must be con- 
sidered a bone dystrophy rather than a 
bone dysplasia as Rubin classified it. 
Nosologically, Morquio’s disease belongs 
with the other mucopolysaccharidoses of 
which the Hurler syndrome or gargovlism 
is the best known example. 

We believe that spondyloepiphyseal dys- 
plasia congenita, Rubin’s term for Mor- 
quio’s disease, 1s not a suitable descriptive 
name since the changes are not limited to 
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the spine and epiphyses. It also implies a 
relationship which probably does not exist 
between Morquio's disease and the other 
conditions to which the name spondyloepi- 
physeal dysplasia has been applied. In our 
opinion, of the 80 childhood cases in 
Rubin’s review of the literature, 41 repre- 
sented Morquio’s disease and 39, some 
other condition. This is excluding the 
children with spondyloepiphyseal dysplasia 
of the pseudoachondroplastic type and 
spondyloepiphyseal dysplasia tarda. We 
have examined patients with both the 
pseudoachondroplastic type and several 
conditions which might be termed spon- 
dyloepiphyseal dysplasia tarda, including 
the X-linked condition originally described 
under this name by Maroteaux, Lamy and 
Bernard? as well as conditions with a 
dominant mode of genetic transmission. No 
corneal opacities, dental abnormalities or 
abnormal urinary mucopolysaccharides 
were present in these patients. There is no 
evidence in our opinion to suggest that the 
term spondyloepiphyseal dysplasia as ap- 
plied to these conditions is anything other 
than descriptive of apparent regional] in- 
volvement. The evolution of changes in the 
individuals with the pseudoachondroplastic 
type suggest that this condition may be 
closely related to the multiple epiphyseal 
dysplasia group. While the articular carti- 
lage does undergo early degeneration in the 
X-linked condition described under this 
name by the French authors, the fibrocar- 
tilage of the intervertebral disks also shows 
early pathologic change. This condition has 
a distinctive roentgenographic appearance 
in the lumbar spine of the adult" and no 
evidence is currently available to suggest 
that it has the same etiology as the domi- 
nant condition illustrated by Rubin under 
this name in his text. Certainly, the roent- 
genographic picture is different. While most 
patients with Morquio’s disease have been 
correctly diagnosed in the past, a number 
of other apparently unrelated conditions 
have likewise been diagnosed as Morquio’s 
disease. 

Recently the term Morquio-Ullrich’s 
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disease has been introduced into the En- 
glish literature. Zellweger et a/.?® described 
Morquio-Ullrich's disease as a condition in 
which, in addition to the bone changes of 
Morquio-Brailsford's disease, there are 
corneal opacities and dental abnormalities. 
Riley granulations in the white blood cells, 
deafness, and hepatomegaly were present 
in some cases. These authors found evi- 
dence of abnormal mucopolysaccharide ex- 
cretion in the urine of their 2 patients, and 
in the 1 patient tested the results sug- 
gested that this probably represented 
keratosulfate. They contrasted the condi- 
tion with Morquio-Brailsford's disease 
where no abnormalities outside of the 
musculoskeletal system were described by 
the original authors. 

The present series and that of Maro- 
teaux ef al are the only large series in 
which corneal opacities, dental abnormal- 
ities and abnormal urinary mucopolysac- 
charide have been specifically looked for. 
Maroteaux eż al. examined 8 children with 
the bone changes described by Morquio 
and Brailsford and found corneal opacities 
and dental abnormalities in all. In the 6 
children tested, keratosulfate was demon- 
strated in the urine. They stated that 
other patients with platyspondyly did not 
show these findings. Our personally ex- 
amined series of 10 patients with Morquio's 
disease showed the same findings as those 
of Maroteaux e£ al. This was also true of 
the bone and teeth changes in the roent- 
genographic studies in which teeth changes 
could be evaluated in 6 additional Morquio 
disease patients. The 2 brothers described 
by Zellweger eż al., in our opinion, have the 
condition originally described by Brails- 
ford and Morquio. The same clinical, 
roentgenologic and biochemical changes 
were described in 2 siblings by Robins 
et al,” 

That Morquio and Brailsford did not 
comment on the corneal opacities is not 
surprising since these are frequently only 
visible on slit lamp examination. Brailsford 
specifically commented on the numerous 
dental caries in his 4 year old patient. The 
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lateral skull roentgenograms in Brailsford's 
1931 article and in Morquio's 1935 article 
strongly suggest the type of dental changes 
seen in our patients. Present evidence in- 
dicates that Morquio-Brailsford's disease 
IS a mucopoly saccharidosis, and that Mor- 
quio-Ullrich's disease is a ea 
term. As one of the authors (LOL) has 
previously suggested,? we prefer the des. 
ignation, 
Morquio. This combines the biochemical 
abnormality with the time honored eponym 
for this condition. 

Maroteaux ef al. reviewed the world 
literature and found 96 published cases 
which they accepted as Morquio’s disease. 
They seem to have excluded one of Shell- 


ing’s 2 cases although they do not specifi- 
cally state so in their bibliography. 


Certainly one of Shelling’s cases does not 
represent Morquio's disease since the 
clinical course and bone changes are differ- 
ent in this case, and we have found no 
corneal opacities, dental abnormalities or 
abnormal mucopolysaccharide excretion in 
our personal cases with this condition. 
Maroteaux et al. include the 4 siblings re- 
ported by Whiteside and Cholmeley as 
examples of Morquio’s disease. The bone 
changes in these children are clearly differ- 
ent from those in Morquio’s disease. This 
is most convincingly tui on the 
roentgenogram of the pelvis of a patient at 
the age of 11 years in Whiteside and 
Cholmeley's article. We have found no 
corneal opacities, teeth changes or abnor- 
mal mucopolvsaccharide in a patient with 
similar bone changes. The article of Maro- 
teaux ef al?* with its extensive bibliography 
is recommended to the interested reader. 
Disability due to bone deformity at the 
hips and knees (genu valgum) was recog- 
nized in Morquio’s disease. Some individ- 
uals have pulmonary complications due to 
chest deformity, and murmurs in the aortic 
region have been described. Hearing defect 
IS common in individuals with this condi- 
tion. Five of the 6 adults in our series had 
pathologic long tract signs referable to the 
high cervical region. It seems likely that 
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spinal cord damage presumably due to a 
combination of bone deformity and liga- 
mentous relaxation may prove to be a 
common serious medical complication in 
the affected older child and adult. Einhorn 
et al^ and Hobaek? pave similar neu- 
rologic complications. A detailed discussion 
of clinical features and biochemical changes 
is outside of the scope of this article. 

We believe it is important to emphasize 
that subsequent children of parents with 
an affected child may be similarly affected 
since the condition has an autosomal re- 
cessive mode of genetic transmission. The 
parents should be informed of this possi- 
bility. Since affected children appear com- 
pletely normal or only mildly deformed for 
several years, the eventual marked dwarf- 
ism and deformity are perhaps more diffi. 
cult for both the parents and child to accept 
than if the deformity were present from 
birth. Affected children should be evaluated 
neurologically at regular intervals and 
parents informed that cervical spine sur- 
gery may eventually be necessary to pre- 
vent the serious cord complications which 
were common in our older patients. 

The discussion of the roentgenographic 
differential diagnosis is dificult because so 
many conditions have been and are still 
called Morquio's disease that clearly do not 
represent the condition originally described 
by Morquio and Brailsford. In our opinion, 
present evidence indicates that patients 
who do not show the roentgenographic fea- 
tures discussed in the bodv of this article 
do not have Morquio's disease. Robins 
et al? have described a partial roentgeno- 
graphic examination in an 8 month old 
infant who was clinically normal. This 
child was examined because of an older 
affected sister. The studies showed the 
diagnostic changes outlined in the section 
on the roentgenographic findings in early 
childhood. 

Some authors have considered it impos- 
sible to differentiate roentgenologically 
between Morquio’s disease and the condi- 
tions of the Hurler syndrome which are 
also mucopolysaccharidoses. This has 
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not been our experience in 5o chemically or 
histologically confirmed cases. Although 
the hook or beak-shaped configuration of 
the vertebral bodies in the thoracolumbar 
junction and upper lumbar spine may be 
identical in Morquio's disease and in the 
Hurler syndrome, we have never seen 
flattened vertebrae throughout the entire 
thoracic region in cases with the Hurler 
syndrome. Generally, it is the severely 
affected individuals with Hurler syndrome 
who show gross bone changes which can be 
confused with those of Morquio’s disease. 
These individuals’ metacarpal shafts show 
a lack of normal constriction and usually 
marked expansion of the metacarpal shafts. 
This does not occur in Morquio’s disease in 
our. experience. The pelvis and hip con- 
figuration in severely affected Hurler syn- 
drome patients is also different from that 
seen in Morquio’s disease. 

Two more general points in the differen- 
tial diagnosis should probably be empha- 
sized. Babies who are dwarfed at birth and 
during the first year of life do not have 
Morquio’s disease, and coxa vara is never 
seen in Morquio’s disease. 

Our experience would indicate that the 
roentgenographic diagnosis of Morquio's 
disease can be made by the age when signs 
and symptoms due to the condition cause 
parents to bring the child to the physician, 
that is, around 1 year of age. This ig before 
diagnostic clinical deformities develop. 

A roentgenographic diagnosis of Mor- 
quio’s disease is the most practical mode 
of early diagnosis because, while equally 
specific, the biochemical tests for kerato- 
sulfate are relatively difficult to perform, 
time consuming, and available in only a 
few medical centers at the present time. 


SUMMARY 


The criteria for the roentgenologic diag- 
nosis of Morquio’s disease are presented, 
based on an analysis of 16 patients.* Di- 


* Since this article was submitted 11 additional cases of Mor- 
quio-Brailsford’s disease have been reviewed. The clinical and 
roentgenographic features in these cases were identical to those 
of the 16 cases analyzed in this article. 
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agnostic findings are seen in the teeth, 
spine, pelvis and the hand and wrist. The 
diagnosis can be established at an age when 
signs and symptoms become evident. 


Leonard O. Langer, Jr., M.D. 
University of Minnesota Hospitals 
Minneapolis, Minnesota 55455 
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METAPHYSEAL CHANGES 


AN D A SE CON D ON E, IN WHICH EPIPHYSEAL 


CHANGES ARE M ORE MARKED 


By K. KOZLOWSKI, M.D.,f and A. BUDZINSKA, M.D. 


POZNAN, 


EFECTIVE metaphyseal ossification 
without known biochemical changes— 
the metaphyseal dvsostosis svndrome—is a 
common familial disease with a roentgeno- 
graphic appearance which has many varia- 
tions. Sometimes, the disease is well de- 
fined and consistent, 5® 2° but many times 
it does not fit any recognized type and is 
difficult to classify. Catal? recognized these 
inconsistencies several years ago, and 
pointed out that occasionally the metaphy- 
seal and epiphyseal types of dvsostosis 
overlap. These types were called dvsostosis 
meta-epiphysealis or epi-metaphysealis, de- 
pending on predominant changes. These are 
purely general descriptive terms founded on 
roentgenographic changes. Thev are con- 
venient for clinical use but they do not 
identify the causal mechanisms. 
Both Ribbing and Fairbank have de- 
scribed disturbed epiphyseal ossification, 
not associated with biochemical changes in 
the urine or blood, in which the metaphy Ses 
are unattected. The process is now called 
multiple epiphyseal dvsplasia——a common 
familial disease. There are many variants 
in the distribution and the degree of these 
epiphyseal lesions. In this paper, 2 exam- 
ples of combined metaphyseal and epiphv- 
seal lesions in single patients are reported. 
In the frst patient, the metaphyseal 
changes predominated (meta-epiphyseal 
dvsostosis) and in the second, the epiphy- 
seal changes were more mar ked (epi-meta- 
physeal dvsostosis). 


REPORT OF CASES 


Case 1. Méeta-epiphyseal dysostosts. SR., a 
boy, was the product of a 6th pregnancy. At 7 


POLAND 


vears of age, he was examined at another hos- 
pital. No known members of his family had had 
bone disease. At birth, he weighed 4,000 gm. 
and was considered normal. He was breast fed 
during the first 6 months of life. During the 
third week of age, the sternum was noted to be 
prominent and the knees and ankles were 
thickened. These changes increased and the 
diagnosis of “pigeon breast" deformity was 
made at 6 months of age. After a bout of pneu- 
monia in the 3rd month of life, he was noticed 
to be shorter than normal. The deficiency in 
stature became more conspicuous with ad- 
vancing age. His motor functions were re. 
tarded. He first raised his head at ¢ months, 
first sat at T4 months, stood at 21 months and 
walked at 25 months. His gait was alwavs stiff. 
His steps were short and he fatigued easily. 
At the time of this examination at the age of 
7 years, his height was 82 em. (normal 120 cm.) 
and weighed 11 kg. (normal 22 kg). The head 
was normal. Marked shortening of the trunk 
with kvphoscoliosis of the lower thoracic and 
upper lumbar spine and lordosis of the lower 
lumb yar spine were present. There was a 
“pigeon” detormity of the chest; the body of 
the sternum protruded more than 2 cm. for- 
ward in relation to the manubrium. A Har Ei 
son's groove and costal rosary were present. The 
proximal parts of the upper and lower ex- 
tremities were shortened but the hands and feet 
were normal in length. The femora were bowed 
laterally and anteriorly. Both feet were flat. In 
the organs of the chest and the abdomen, no ab- 
normalities were found. The mobility in the 
large joints of the extremities was limited. 
Mental development was normal. Laboratory 
examinations showed normal values of calcium, 
phosphorus and alkaline phosphatase. A rou- 
tine examination of the urine and blood was 
also normal. 
Roentgenologic study disclosed changes sug- 
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Fic. 1. Case 1. Photographs of S.R. at 8 years, 9 
months of age. G4) Frontal and (B) lateral views. 
Height is 35 per cent less than the mean value for 
Polish boys of 9 years. The head is normal. The 
shortening of the extremities is of the root type. 
The hands are relatively elongated. The thighs are 
bowed anteriorly and laterally. Both feet are flat 
and everted. The trunk is also shortened. The 
costal arches reach almost to iliac crests. The de- 
formed sternum and anterior parts of the ribs 
project forward to form a "pigeon" chest; Harri- 
son's grooves and a costal rosary are also visible. 
Kvphoscoliosis of the lower thoracic and upper 
lumbar spine, and lordosis in lower lumbar levels 
were visible in the physical examination. The 
sacrum was rotated upward and backward to a 
near horizontal position. Mental development was 
normal. 


gestive of dysostosis enchondralis. On the basis 
of all the findings, the diagnosis of Morquio- 
Brailsford's disease was finally made. 

'The child was re-examined on January 4, 
1965, at the age of 8 years, 9 months in the 
First Pediatric Clinic of the Medical School in 





May, 1966 


Poznan, Poland. His morphologic status in 
comparison with the findings in the other hos- 
pital had not changed (Fig. 1, 4 and B). The 
child had grown 3 cm. during 20 months and 
weighed 13 kg. His measurements are shown in 
Table x. 

As the history and the physical findings were 
not characteristic for Morquio-Brailsford's dis- 
ease, further hematologic, biochemical, oph- 
thalmologic and roentgenologic studies were 
performed. The hematologic examination did 
not disclose Adler granulations, Buchot cells, 
Lorincz-Pearson granulations or Gasser cells. 
The level of mucopolysaccharides in urine, 
measured by urine chromatography, was nor- 
mal. No corneal opacities were seen in slit- 
lamp examinations. The significant roentgeno- 
graphic changes were confined to the meta- 
physes and epiphyses of the tubular bones, with 
predominance of the process in the metaphyses 
(Fig. 2, 3, 4, § and 6). The ends of the shafts of 
all the tubular bones—the elbow region ex- 
cluded—were widened and irregularly min- 
eralized in a deep terminal zone of irregular 
density, extending laterally and medially be- 
vond the ends of the epiphyseal ossification 
centers. These changes were best seen at the 
proximal ends of the femoral and humeral shafts 
and the distal ends of the tibial, radial and ulnar 
bones. The transverse clear zones between the 
ends of the shafts and the epiphyseal ossifica- 
tion centers were deepened. The epiphyseal os- 
sification centers were hypoplastic, flattened 
and of irregular structure. The degree of the in- 
volvement of the epiphyseal ossification centers 
corresponded to the changes in the metaphyses. 
The calvarium (not illustrated) was thin with 


TABLE I 


CASE I 

Hee htitedeanetince haa) CER POCO eet 85 cm. 
Circumference of head.............-.-. $1 cm. 
Circumference of chest (at the level of 

protruding corpus stern) «cs e i 55 cm. 
SIDA ont betreten use pacer iure 106 cm. 
Upper limb (acromion to third finger).... — t5 cm. 
Forearm and hand (radial point to third 

BED osos ntum Saee da dua To erbe ee 27 cin, 
Hand (styloid point to third finger)..... . I4 Cem. 
Lower extremities (anterior superior iliac 

SpiHE-to- HOO! 4 es sui ume RR ewes 43 chi: 
Leg (tibial point to floor)............... 23cm. 
POOE ressent Sox ete ed eee idis dta 18 cm. 
Meiplitue Pessac fanaa es cosas 13 kg. 
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retarded differentiation of the inner and outer 
tables and the diploic space. The pituitary foss: 
was normal. There was no evidence of dvsosto- 
sis In the cartilaginous bones of the base of the 
skull. The teeth were crowded but otherwise the 
dental development was normal. The skeleton 
was generally rarefied. 


Case 1. Epi-metaphyseal dysostosis. D.H., a 
girl 39 months of age, born on January r5, 
1953, came to the First Pediatric Clinic in 
Wroclaw, Poland, because, on roentgenographic 
examination, changes suggestive of rickets or of 
an endocrine disease had been found. 

She was the product of a first pregnancy. The 





Fic. 3. Case 1. The pelvis and hips in frontal projec- 
tion, The necks and heads of the femora are not 


parents were young and healthy. A brother and calcified and the proximal ends of the shafts are 
other relatives were normal in stature, There cupped and flare widely, Small irregular ossifica- 
are no known bone diseases in the family. Gesta- tion centers are visible laterally above the irregular 


metaphyses. Coxa vara is marked on both sides. 
The proximal femoral metaphyses are widened and 
irregularly ossifed in a deep zone of irregular den. 
sity. Long spurs project medially of the medial 
ends of the femoral metaphyses. The submeta- 
physeal spongiosa is deformed and M RN both 


in pattern and density. The convex rims of the 
deepened acetabular cavities are morir The 
cartilaginous parts of the pelvis are widened. The 


iiac bones are shortened in the longitudinal diam- 
eter, which is reflected in the longitudinal shorten- 
ings of the sciatic notches. The sacrum articulates 
low on the ilia and is tilted backward and upward. 


i 


Erc. 2. Case 1. Changes in the lower extremities. 
Both femora are bowed laterally. The transverse 
clear zones between the ends of the shafts and the 
epiphyseal ossification centers are BE TENE: The 
femoral metaphyses are widened and irregularly 
ossified in a deep zone of about o.s to 1.¢ cm. of ir- 
regular density which extends laterad and mediad 
beyond the ends of the epiphyseal ossification 
centers, There are some sharply defined radio- 
lucent patches in some of the irregularly ossified 
metaphyses. The proximal ends of the tibial shafts 
and the distal ends of the femoral shafts are con- 
vex; those of the fibulae are straight. The sub- 
metaphy seal spongiosa is deformed and irregular 
both in pattern and density, Deeper in the shafts, 
the spongiosa has a ground glass appearance. The 
Ma) as well as the thickness of the cor- 
tical walls, 1s decreased. The bases of the ossifica- 
tion centers show marginal dvsostosis in zones, 
several millimeters deep, of irregular ossification. 
These changes are most marked in the distal tibial 
epiphyses, which in their middle and outer two- 
thirds, are flattened and irregularly mineralized. 
The distal fibular epiphyses are normal. 
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Fic. 4, Case 1. The vertebral column in lateral pro- 
jection, The lower thoracic segments are kyphotic 
and the lower lumbar are scoliotic. The vertebral 
bodies are fattened most in the thoracic segments 
above the kyphosis. Both the upper and lower 
edges of vertebral bodies are uneven. The inter- 
vertebral spaces from the 10th thoracic to the ist 
lumbar are narrowed. The vertebral bodies of the 
rath thoracic and rst lumbar are hypoplastic ard 
irregular in structure and density. They are dis- 
placed backward, upward and to the left. In frontal 
projection, not shown here, the right ribs from 4 zo 
+ were hypoplastic in their posterior parts and 

tilted downward. 
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Case 1. Both kumeri were shortened. The 
provisional zones of calcification are not well seen 
because they are superimposed on the humeral 
heads. The proximal ends of the humeral shafts 
and its ossification center are widened and both are 


biG, 5. 


irregularly ossified. This irregular metaphyseal 
zone is obliquely placed on the shaft with the 
medial end = distalward. The submetaphyseal 
spongiosa is a deformed and irregular mixture of 
spotty sclerosis and rarefaction. The same pattern 
of the spongiosa was present, although mild in de- 


gree, at the distal end of the humerus, not shown 
here. The cortical walls of the humeral bones are 
thin. The metaphysis and the ossification centers 
were fragmented medially. The glenoid cavity of 
vertebral bodies in the cervicothoracic levels, in 
roentgenograms not shown here, were flattened 
and rarefied. 


tion and delivery were normal. This apparently 
normal, newborn infant weighed 2,900 gm. Her 
length was not known. She was breast fed dur- 
ing the first 6 months. She received vitamin D 
after the 12th month. Structural abnormalities 
were not observed during the first vear al- 
though her motor development was slightly re- 
tarded. She sat at the age of 8 months, stood at 
g months, and walked at 13 months. Her first 
tooth appeared during the twelfth month. 
When she started to walk, her gait was stiff 
with small steps, and she shifted rather than 
walked. At that time, rickets was suspected and 
the child received massive doses of vitamin D. 


Vic. 7. Case ri. D.H., at 12 years of age. G7) Frontal, (B) lateral and (C) dorsal views. The trunk is shortened 


à INE 


in relation to arms and legs. A high steznal bulge and costal knobs are visible in the shortened thorax. The 
spine is bent dorsally and laterally. Both knees deviate medially. Height was $ of average for Polish girls 12 


ts 


years of age. Thighs are widely spaced and are shortened. Upper arms are shortened due to deformities at 
the proximal ends of the humeri. Upper maxilla is large and the lower maxilla also appears to be larger than 


norma. 
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The metaphyses of the radii and ulnae are irregu- 
larly mineralized in contrast to the relatively 
smooth edges of their epiphyseal ossification 
centers. The round bones in the wrists are normal. 
At the distal ends of the first metacarpals and the 
proximal ends of metacarpals 2, 3, 4 and 5, there 
are independent and partially fused pointed ac- 
cessory ossification centers. The epiphyseal ossifi- 
cation centers in metacarpals 1, 2 and 3, especially 
| and 2, are fattened longitudinally. Maturation 
is normal. 


kia. 6 Case r. Hands and wrists in frontal projection. 
ij 


Nak 
E rre 
Lirie 


[n spite of this treatment and constant medical 
supervision, her gait worsened, and, at the age 


of about 2 vears, she became knock-kneed. She 
walked reluctantly and fatigued easily. 


At 3 years of age, her height was S81 cm. 
(normal gg cm.); and her weight was 11 kg. 
(normal 15 kg). The physical examination dis- 
closed a normal head, Harrison's grooves, costal 
rosarv, lumbar lordosis and knock-knees. The 
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CASE If 


Height.. cB er dace e EEES fig. cm 
Circumference of head. ..0..00.00...... S2 om 
Circumference of chest................. 6g em 
A IET o each Sects dan i Medii pde eee here 124 cm. 
U»per limb (acromion to third finger)... $3.cm 
Forearm and hand (radial point to third 

2] TRIP 32:8 
Hand (styloid point to third finger)... ts cm: 
Lower extremities (anterior superior iliac 

Spine tO HOOF) La ec sre ERE EIS nA 6s cm. 
Leg (tibial point to floor)....0......... 29 em. 
Foot (malleolus to floor)... 00000000. 3 cm. 
WEI LE ie us cert hanniy fox e RR e — edle 


gait was abnormal with shifting, short steps. 
Her mental development was normal for her 
age. Roentgen examination showed that the 
femoral heads, humeral ca pitella, and proximal 
fibular and distal radial epiphyses were not 
ossified, All other epiphyseal ossification centers 
were small for her age and somewhat fattened. 
Those at the knees and distal tibial, distal 
fibular and proximal humeral epiphvses showed, 
in addition to the TRAE. ii anges, an un- 
even, porous density. 
the lane bones were widened and irregular. 
These changes were more marked in the low er 
extremities. The carpal ossification centers were 
small, Maturation of bones in hands and wrists 
according to the standards of Greulich and 
Pyle equalled 3 years. The findings ir. routine 
examinations of the blood and urine as well as 
the level of serum calcium were all normal. 

She was re-examined again at the age of 12 
years in the First Pediatric Clinic in Poznan. 
Her height then was 115 cm. (normal 120 cm.) 
ard weight 20 kg. (normal 41 kg.). A dispropor- 
tioned dwarfism, with marked « shortening of the 
trank and the extremities was present (Fig. 7, 
4, B and C). The thoracic spine was kypho- 
scoliotic and the lumbar spine was scoliolordo- 

tic. The chest showed a pigeon-breast deformity 
with Harrison’s groove and costal rosary. The 
metaphyseal zones of the long bores were 
widened. Muscular development was poor. The 
active as well as passive movements at the 
large Joints were limited. She walked with diffi- 
culty, using short steps and, after walking a 
short distance, she became ined Her ed 
dev dis was excellent and she was the 
best pupil in her class at school. Corneal opaci- 


The ends of the shafts of 
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ties were not seen in the slit-lamp examination. 
The routine examinations of the blood and urine 
as well as the values of calcium, phosphorus and 


alkaline phosphatase in the serum, urine 
chromatography, and the level of urine mu- 
copolysaccharides were normal. Her measure- 


ments are shown in Table n. 

The roentgenographic examination showed a 
generalized osteoporosis of the whole skeleton. 
The diagnostic roentgenographic changes (Fig. 
7 through 11) were confined to the epiphyses 


Q 


Fic. 8. 
at I2 years of age. At 3 3 years the femoral necks are 
short and the femoral ossification centers have not 
yet appeared. The ischiopubic synchondroses are 
widely open. All of the bones are too small. At 12 
years severe varus deformities have developed in 
the femoral necks which are incompletely ossified 
and bent medially and caudally into an acute 
angle. The cartilaginous synchondroses are still 
widely open because of slow endochrondral bone 
formation at these metaphyses. The “Y” cartilages 
are excessive for the same reason. The crests of the 
tibiae are small due to undergrowth but the crests 
are smooth. All of the pelvic bones are too small 
owing to reduced growth and endochondral bone 
formation, and the femoral epiphyseal ossification 
centers are small and deformed for the same rea- 
son. The changes in pelvic bones and femora have 
increased with advancing age. 


Case 11. (4) Pelvis at 3 years of age and (B) 
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lic, 9. Case u. (4) Right knee and shank at 3 years of age. All of the epiphyseal ossification centers in the 


femur, tibia and fibula are small, misshapen and irregularly ossified. In contrast, metaphyseal ossification 
of the distal end of the femur and both ends of the tibia and fibula is complete and uniform. (8) At 12 years, 
practically all of the earlier epiphyseal irregularities have disappeared and the metaphyses are normal ex- 
cepting some irregularity at the distal end of the tibia. At these lower ends of the femur and at both ends of 
the tibia and fibula, the earlier epiphyseal lesions have disappeared with advancing age, in contrast to the 
changes «t the proximal ends of the femur which have increased with advancing age. 


and metaphyses of the tubular bones with the 
more marked changes in the epiphyses. The 
shafts of the long bones were slender with 
widened ends and irregular transverse lines. 
These changes were best seen at the hips and 
shoulders. In the vertebral column, the bodies 
in the upper thoracic levels were slightly 
flattened and their edges were rough. Hemi- 
vertebras at Th ¢ and Th 6 produced a localized 
scoliosis at these levels. In the lumbar levels, 
the bodies were small but not flattened. 

The ribs were small in caliber with spreading 
and cupping deformities at their sternal ends 
which caused the clinical costal rosary. 

The calvarium was thin with retarded differ- 
entiation of the inner and outer tables. There 
was no evidence of dysostosis in the cartilagin- 
ous bones at the base of the skull. The pituitary 
fossa was normal. Dental development was 


normal but the upper central incisors pro- 
truded too far forward in a rodent-like position 
to overbite on the lower teeth. 


DISCUSSION 


The meta-epiphvseal and epi-metaphy- 
seal dvsostoses include a group of related 
but different diseases. Lamy and Maro- 
teaux? termed them the micromelic form ot 
dysplasia epiphysealis multiplex. 

These patients are characterized bv dis- 
proportioned growth deficiencies of such a 
degree that, already in early childhood, 
dwarfism is recognized. Children with pre- 
dominance of metaphyseal changes are 
more severely shortened. The first signs of 
the disease are usually present at birth or 
appear during the first year of life. Later, 
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crippling deformities of the spine and ex- 
tremizies develop. The mental and sexual 
developments are normal as are all the 
known biochemical tests, including the 
level of the urine mucopolvsaccharides. 
Ihe roen tgenographic hindings may be in- 
conclusive in early life, but later show def- 
inite changes, both at the metaphvses and 
epiphsses The degree ot involvement and 
the loc: aliod on of the changes in the differ- 
ent metaphvses and epi iphyses are different 
from patient to patient, to such an extent 
that it is difficult to find 2 closely similar 
examples. However, in spite of these limi- 
tations, the roentgenographic method is 
best, at the present time, for classification. 

Case 1 does not fit into any group de- 
scribed by Catal? nor is it identical to any 
other cases of dysostosis meta-epiphysealis 
hitherto published. The roentgenographic 
changes in the pelvis of our case are very 
similar to those of the first case of Swoboda,” 
but other roentgenographic findings and 
the phenotype of the children are different, 
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Fic. 10. Case rt. (4) Hands and wrists at 3 years of 
age. Maturation is diminished and approximates 
the average for a healthy girl of 2 vears of age. The 
radial development is less than the normal 12 
month level, but all of the ossification centers, ex- 
cepting those in some of the proximal phalanges 
are smooth. (B) At 12 years, maturation is de- 
layed and it approximates the average for a 
healthy girl 8 years of age. The ulnar epiphyseal 
centers are developing from 2 foci and slight angu- 
lar deformities are evident in some of the round 
bones in the wrists. Centers in the distal phalanges 
of the thumb are wedge-shaped, and are hypo- 
plastic in their lateral segments. The epiphyseal 
ossification centers in the distal phalanges are 
normal in shape but present medial and lateral 
sclerotic bands which represent marginal scleroses 
of these little bones due to incomplete formation of 
their medullary cavities, which have formed in 
the central segments of these bones but have not 
vet penetrated into their peripheral zones, In the 
hands, as at the knees, the epiphyseal changes 
have become more evident with advancing age. 
There were no metaphyseal lesions in the bones of 
the hands at either 3 or 12 vears. 


ike 





ic. rr. Case it. Left shoulder in frontal projection at 
12 vears of age. The proximal end of the humerus 
is enlarged and deformed. Its irregular metaphysis 
crosses the shaft obliquely with its medial segment 


more distalward, owing to undergrowth of the 
medial segment. The ossification center for the 
greater tubercle is small and regularly ossthed. The 
ossification center for the lesser tubercle consists of 
a narrow irregular strip of bone which roughly 
parallels the oblique metaphysis. 
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The difficulty of classifying enchondral 
dysostoses is once again illustrated by our 
patient. 

The exact diagnosis in Case It is uncer- 
tain but its classification as dysostosis epi- 
metaphysealis 1s reasonable. 

The temporal changes, which are often 
so important in the diagnosis of skeletal 
dysplasias are well demonstrated in this 
case. A satisfactory diagnosis could not be 
made during early childhood because some 
of the crucial diagnostic changes had not 
yet appeared. 

In this patient at the age of 3 years, mul- 
tiple epiphyseal dysplasia was suggested. In 
the most common variety of multiple epi- 
physeal dysplasia—the Ribbing-Fairbank 
type—there are no diagnostic changes 
during the first 2 years of life. The diffi- 
culties in gait usually appear later, and are 
not as severe in the early stage as in our pa- 
tient. On the basis of the roentgenographic 
examination, the diagnosis of multiple epi- 
physeal dysplasia was made at the age of 3 
years, although the absence of ossification 
centers in the femoral heads is inconsistent 
with this diagnosis. At the age of 12 years, 
ossification of the femoral heads was still 
absent, but definite metaphyseal changes 
appeared and the diagnosis of multiple epi- 
physeal dysplasia could be rejected with 
certainty. 

I would like to stress also the importance 
of a critical evaluation of some of the cases 
of dysostosis meta-epi and epi-metaphyse- 
alis. Many have not been properly identified 
(third case of Swoboda” and all the cases of 
Sekulowa eż al). Others cannot be evalu- 
ated because of inadequate clinical and 
roentgenologic descriptions. For this reason 
a detailed clinical and roentgenologic ac- 
count should be published with careful 
tracing of peculiarities of single cases. This 
will help to classify the similar cases into 
clinical groups, making possible detailed 
biochemical and genetic studies in the 
future. 

SUMMARY 


Two cases of combined metaphyseal and 
epiphyseal dysostosis are reported. 
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Case 1, a boy, 8 years, 9 months of age 
had disturbance of growth and ossification 
in the metaphyses and epiphyses. The meta- 
physes and the epiphyses were affected in 
different degrees in different bones, but the 
metaphyseal changes generally predomi- 
nated. The vertebral bodies were flattened 
above the 12th thoracic segment. The meta- 
physeal dysostosis was most severe at the 
proximal ends of the humeri, both ends of 
the tibiae, and distal ends of radii and ulnae. 
The epiphyseal dysostosis was most severe 
at the proximal ends of the femora and 
proximal ends of the humeri. 

This case is difficult to classify. Currently, 
it should be considered an example of dys- 
ostosis meta-epiphysealis. 

Case 11, a female, 12 years of age, is an 
example of epi-metaphyseal dysostosis. 
Roentgenograms showed disturbances of 
ossification and growth in the epiphyses as 
well as metaphyses. The bones of the hips 
and shoulders were most affected. Only 
slight changes were present at the other 
epiphyses and metaphyses. This case was 
mistakenly called dysplasia epiphysealis 
multiplex at the age of 3 years. The follow- 
up studies at the age of 12 years showed 
marked change with advancing age. 

The importance of caution in the diag- 
nosis of skeletal dysplasias during the first 
few years of life is emphasized. 


K. Kozlowski, M.D. 

Pediatric Institute of the Medical School 
X-Ray Department 

Kopernika 21, Krakow, Poland 
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DYSPLASIA EPIPHYSIALIS MULTIPLEX* 
A CASE REPORT AND REVIEW OF THE LITERATURE 


By PAUL K. BERG, CAPTAIN, MC, USA1 
FORT GEORGE G. MEADE, MARYLAND 


MULTIPLE epiphysial dysplasia was 
first described in 1912 by Barrington- 
Ward.? Later articles describing the disease 
appeared in 1934 by Jansen! and in 1935 
by Fairbank,’ who was the first to refer to 
the disease as "dysplasia epiphysialis multi- 
plex," the presently accepted term. 

The majority of subsequent cases have 
been reported by the British. There is a low 
incidence of this disease in the United 
States. No reports have been published in 
the United States radiologic literature since 
Leeds!? described his cases in 1960. 


CLINICAL FEATURES 


A hereditary familial influence is well- 
established.2112719,227; There is no sex 
predilection. Jackson e£ a/.4 suggest a domi- 
nant form of inheritance with a high pene- 
trance. 

Multiple epiphysial dysplasia is asymp- 
tomatic until the age of 4 years, when gait 
or position disturbances occur. The pre- 
senting signs and symptoms are referable to 
the Joint involved. Difficulty in walking, 
secondary to hip and/or knee involvement, 
is very common. There is limitation of mo- 
tion and localized joint pain. The severity 
of the symptoms usually varies with the 
degree and extent of joint involvement. 
The roentgenographic changes in the epi- 
physes and joints are more marked than 
the clinical. 

Patients are of short stature but are 
generally not dwarfs. Body weight may be 
within normal limits. The hands are stubby 
and the fingers blunted. The vertebral 
column is rarely involved. 

With puberty, the symptoms due to the 
dysplasia progressively diminish. The na- 
tural history of the disease appears to be 


* This material has been reviewed by the Office of The Surgeon General, D 


one of self-limitation. There is usually a 
progressive and sometimes complete loss of 
original symptoms. Recovered adults, 
therefore, may not come to clinical atten- 
tion since they often have no disability. 
However, early degenerative arthritis of 
affected joints, especially in the hips and 
knees, is a common sequel to the epiphysial 
disease. The severity of the arthritis is 
proportional to the epiphysial deformity. 


ROENTGENOLOGIC FEATURES 


There is an irregularity of multiple epi- 
physes which is bilateral. Surrounding the 
main ossification center are multiple small, 
irregular calcifications producing a mul- 
berry-like appearance. Later, the epiphyses 
assume a more homogeneous density but 
may remain permanently deformed. The 
flattened appearance of the epiphysial 
center of the hips, knees, ankles, and shoul- 
ders may be permanent. The elbows, wrists, 
and small bones of the hands and feet are 
involved less commonly. The femoral head 
is less convex than normal and foreshort- 
ened. The acetabular and glenoid fossae are 
usually normal, but may be irregular in 
conforming to the opposing articular sur- 
face of the femoral and humeral heads, 
respectively. Premature epiphysial fusion 
occurs. Coxa vara deformities are seen, 
probably secondary to the epiphysial in- 
volvement. Fraying and irregular minerali- 
zation of the metaphysis occur rarely.*:? 

Wedging of the distal tibial epiphysial 
center 1s a characteristic but not a pathog- 
nomonic finding. The ankle mortise is 
oblique with the lateral malleolus more 
cephalad than the medial malleolus. This 
configuration may be seen in hemophilia.® 
The internal and external edges of the talus 
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are exaggerated, producing a greater con- 
vex curve to its superio’ surface. 

The tarsal and carpal bones may be 
hypoplastic. The small bones of the hands 
and feet are short and broad. The skull and 
teeth are not involved. 


LABORATORY FINDINGS 


No changes specific to this condition are 
reported. Serum calcium, phosphorus, and 
alkaline phosphatase are normal. 


PATHOLOGY 


Microscopic descriptions of the attected 
epiphyses are few. Anderson ef al} note 
features similar to those in Morquio's osteo- 
chondrodvstrophy. Chondrocvtes in the 
zone of provisional calcification are imma- 
ture and reduced in number. The epiphysial 
line is irregular and the chondrocytes are 
arranged in a chaotic fashion, lacking the 
normal columnar arrangement. Hurley and 
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Fic, 1. Case r. (4 and B) The right knee shows flattened femoral condyles with cystic changes 
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Asling" have been able to produce a similar 
localized epiphysial dysplasia in offspring of 
manganese-deficient parent rats. Micro- 
scopically, spicules of osseous and marrow 
tissue connect the epiphvsis to the metaph- 
vsis through the epiphysial plate. The 
epiphysial center is either absent or, when 
present, is misshapen, fragmented, and 
poorly visualized. 


REPORT OF CASES 


Case 1. L.P. was a 39 vear old white female 
who first experienced episodes of pain in both 
knees associated with difficulty in walking at 
the age of 10 years. The attacks thereatter 
diminished in frequency and at the age of 20 
vears she was asymptomatic, During the pre- 
vious 9 to IO years there had been recurrences 
of the attacks of pain and stiffness in the knees, 
especially at the end of an active day. Her 
present difficulty began following 3 days of 
strenuous work. She was unable to support her 
weight due to severe pain in the knees. 





both medially and laterally. 
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lic. 2. Case 1. Uf and B) The left knee shows almost identical changes in the femoral condyles 
as on the right sid 


eL n 





Vic. 4, Case u. (4 and B) Wedge shaped def 





SC 
the distal tibial epiphysis producing 


tibiotalar joint is seen, This is more marked on the 
left sid 
sent. 


i center is 
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Irregularity of the epiphys: 





pre 








sidered on the roentgenogram made at the 
the fracture 6 vears previously. 


Fic. 3. Case u. Epiphysial irregularity was not con- 
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Physical examination revealed the right knee 
to lock 1o degrees short of full extension. There 
was restricted external roration of the leg at the 
knee joint. Mild atrophy of the quadriceps 
muscle group was present bilaterally. There was 
bilateral patellar-femoral crepitus and a bi- 
lateral genu valgum. 

Al laboratory studies including serum cal- 
cium, phosphorus, and alkaline phosphatase 
were normal. 

Roentgenographic studies showed subchon- 
dral cysts (2 to 3 em. in diameter) in. both 
medizl femoral condyles and smaller cysts in the 

; 


f 


lateral condyles (Fig. 1, 2% and B; and 2, -/ and 


Raw” 


B). These lesions had a moderately well-defined 
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sclerotic border. A concave defect of the right 
lateral femoral condyle similar to that in osteo- 
chondritis dissecans was noted except that rhere 
was no aseptic fragment. The femoral con- 
dvle was flattened, indicative of the epiphysial 
disease during the active growth phase. All 


other joints appeared normal. 


Case n. W.P. was a 12 year old white male 
and the oldest son of Case r. He began to walk 
at the age of 1 vear. The mother noted the de- 
velopment of an abnormal gait during his 
fourth year, coincident with a voluntary re- 
striction of running. À fractured left tibia (Fig. 


3) was reported to have healed normally at the 


Fig. s. Case u. (A-G) Polyarticular involvement is present in addition to generalized epiphysial irregularity. 
There is hypoplasia of the tarsals and carpals. 
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bic. 6, Case 111. C4 and. B) Early wedging and irregularity of the tibial epiphysis similar to Case 11 is present, 
The tarsals are also abnormal in contour. 


age of 6 years. Roentgenograms taken at that 
time were considered otherwise normal. 

Physical examination revealed hypermobile 
pronated feet. The other joints of the extrem- 
ities were also hypermobile. The patient could 
not do deep knee bends but quadriceps weak- 
ness was not detected. 

serum calcium, phosphorus, and alkaline 
phosphatase were normal. 

Hoentgenograms showed wedging of the 
lateral aspect of the distal left tibial epiphysis 
resulting in a slight tibiotalar tile (Fig. 4, Z and 
B). There was polyarticular involvement with 
irregular fraying and hypoplasia (Fig. 5, .4-G). 
The vertebral column was normal. 


Case ur. R.P, was an 8 year old white male, 
the youngest son of Case r and brother of Case 
11. He was delivered of a normal pregnancy and 
began walking at 13 months. A self-imposed 
limitation of activity during the fourth year 
was noted. He ran with a "clumsv" gait. There 
have never been swollen or painful Joints. 

Physical examination revealed | pronated 
hypermobile feet. The joints were hypermobile. 

serum calcium and alkaline phosphatase 
were normal. The serum phosphorus was ele- 


vated to 3.2 mEq/l (normal 1.5 to 2.2 mEq/I). 

Roentgenograms showed changes similar to 
but less marked than those in Case it (Fig. 6, 
.4 and B; 7, A-F; and 8). A tibiotalar tilt was 
developing on the left. The vertebral column 
was normal. 


Case iv. W,S. was a § year old white male. 
At the age of 2 vears, the parents noted a 
"pigeon-toed" gait. Legg-Perthes’ disease was 
considered the cause, 

Physical examination revealed limitation of 
abduction and internal rotation of the left hip. 
The gait was normal and there was no shorten. 
ing of the legs. 

Roentgenograms of the hips showed early 
flattening and irregularity of the proximal fe- 
moral epiphyses (Fig. 9). Irregularitv of the 
proximal femoral metaphyses was also pres- 
ent. There was a slight wedging of the distal 
tibial epiphyses. 

Serum calcium, phosphorus, and alkaline 
phosphatase were normal. 


DISCUSSION 
The roentgenographic appearance of the 


mother's knees (Fig. 1, Æ and P; and 2 


mF 






Q 


dand B) was the first indication of a hered- 


itary condition. This revealed flattened 
femoral condyles, indicating a growth dis- 
turbance in the epiphysial centers during 
the developmental period. There were 
cvstic changes representing secondary de- 
generative arthritis and not the active 
Fairbank’s disease itself. 

Residua of epiphysial disease should be 
considered when flattened or abnormal 
condyles are present or when joint irregu- 
larites are noted, especially if bilateral.’ 
Degenerative arthritis of a large joint in a 
young individual indicates possible previ- 
ous dysplasia epiphysialis multiplex. 

The wedge-shaped detormity of the dis- 


tal tibial epiphyses produces a slanting of 


the tibiotalar joint.* Leeds noted this 
deformity in go per cent of cases and em- 
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Fie. 7. Case iut. (A-F) Polyarticular involve- 
ment is present. T he developing epi uphyses 
are irregular, The changes are less pro- 
nounced than in Case n due to the ditter- 
ence in the age of the patients. 


phasized its diagnostic importance. It was 
B in both Case i and Case ni (Fig. 4, 
A and B; and 6, ,7 and B). In children, 
case the distal tibial center assumes a 
similar appearance normally, this sign is 
less significant. 
E all joints of the body need be in- 
ed. Onlv the knees were affected in 
e I. Cases 11 (Fig. 5, 4-G) and ut (Fig. 
7. A) are characteristic of the polyarticu- 
lar involvement. The hypoplastic irregular 
epiphyses were evident. Early irregularity 
of the epiphysis present at the time of the 
tibial fracture in Case n (Fig. 3) was sim- 
ilar to those Just developing in Case u. 
Though unproven, the roentgenographic 
features of Case 1v (Fig. 9) suggest dys- 
plasia epiphysialis multiplex. An original 
diagnosis of Legg-Perthes’ disease was 
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questioned because of the age of onset, 
which was much vounger than is usual. The 
early flattening and irregularity of the 
femoral epiphvses were similar in appear- 
ance to the changes present in Case 11 (Fig. 
8). This case is being followed for further 
evaluation and it mav be that with time 

additional changes will become evident.” 


DIFFERENTIAL DIAGNOSIS 


1. Legg-Perthes’ disease. This disease 1s 
confined to the hips and originates in an 
otherwise normal epiphysis, whereas in 
dysplasia epiphysialis multiplex the ab- 
normal appearance of the involved epiph- 
ysis Is seen from its inception. 

Cretinism. There is femoral head flat- 
mem and a short thick femoral neck. 
Fragmentation of the epiphyses occurs sec- 
ondary to ossification from multiple centers. 
The epiph vses appear late and delaved epi- 
physial fusion may be associated with a 
dense, sclerotic zone of bone in the adjacent 
metaphysis. The spine is affected in cretin- 
ism and rarely in dysplasia epiphvsialis 
multiplex. Clinically, the hy pothvroid fea- 
tures of the cretin are obvious and the lab- 
oratory findings have been well-described. 

Mor E ailsford 5 chondro-osteodys- 
tr phy. The flattened, irregular, late-ap- 
pearing epiphy ses involve multiple joints. 
The first signs of the disease become mani- 





hic, 8. Case tit. There is fattening of the left femoral 
epiphysis accompanied by irregularity of the me- 
taphysis. The acetabular roof is less concave than 


on the right side. There is irregularity of the me- 


atphysis. 


Dysplasia Epiphysi 


alis Multiplex 


3 
~ 


e 
Ne 





lic. 9. Case iv. The flattening and irregularity of the 
femoral epiphyses are similar to Legg-Perthes' 


disease. Dysplasia epiphysialis multiplex seems 
more likely than Legg-Perthes’ disease because of 
the age of onset. 


test between the third and fourth vear. The 
spine is always involved with a universal 
vertebra plana and central anterior beak- 
ing. The acetabular fossae are irregular and 
enlarged, uncommon in dysplasia epiphy- 
sialis multiplex. 

4. Hurler's disease. The clinical appear- 
ance of the gargovle is recognized bv the 
age of 2 or 3 vears Mental retardation 
differentiates this disease from dysplasia 
epiphysialis multiplex in which mental 
development is normal. The epiphysial 
centers are small and irregular but are less 
fragmented. The acetabular fossae are 
irregular and widening of the diaphysis ot 
the tubular bones is present. Tapering of 
the ribs, shallow glenoid fossae, swollen 
clavicles, and vertebral deformities are 
— in dysplasia epiphysialis multiplex. 

Achondroplasia. This congenital dis- 
"s is recognized at birth. The epiphysial 
ossification centers are small and appear 
late. Though slightly abnormal in shape, 
thev are not irregular. Flaring of the distal 
shafts of the tubular bones and ribs is a 
distinguishable point. The hands and feet 
are broad and stubby and there is shorten- 
ing of the tubular bones. The tapering of 
the lumbar spine inferiorly and narrowing 
of the lumbar canal are characteristic. 

6. Epiphysial dysplasia punctata. This 
disease 1s congenital and fatal before the 
end of the first year of life. The entire epi- 
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physial center ossifies from multiple dis- 
crete centers unlike the satellite epiphysial 
calcifications of dysplasia epiphysialis mul- 
tiplex. Bilateral congenital cataracts are 
seen in 5o per cent of cases. 


SUMMARY 


I. The clinical and roentgenologic fea- 
tures of dysplasia epiphysialis multiplex are 
presented. 

2. Bilaterally flattened condyles in the 
adult may be the residua of previously 
unrecognized Fairbank's disease. 

3. The unusual early onset of degenera- 
tive arthritis may be secondary to epiphys- 
ial damage produced by dysplasia epi- 
physialis multiplex during childhood. Chil- 
dren of affected parents should be examined 
roentgenographically for early recognition 
of the disease in order to initiate treatment 
promptly. 
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AN UNDIAGNOSED BONE DYSPLASIA* 
A 2 FAMILY STUDY OF 4 GENERATIONS AND 3 GENERATIONS 


By JOHN C. MELNICK, M.D,,1 


and CARL F. NEEDLES, M.D.t 


YOUNGSTOWN, OHIO AND NEW YORK ; NEW YORK 


A 3 YEAR old white female was ad- 
mitted to the hospital for evaluation 
because of a failure to thrive. Roentgeno. 
grams of the chest and abdomen showed a 
severe bone abnormality. This finding led 
to a complete bone survev of the entire 
family, which included 4 generations 
(Chart 1). The voungest was 16 months of 
age and the oldest was 8o vears of age. 
Some degree of involvement was found in 
9 of the 14 members of the family. 


A second family was studied consisting of 


6 members and representing 3 generations 
(Chart 11). Three members of this familv, 
representing 2 generations, showed severe 





L| Unaliected Male 


E Affected Male 
L7. Peabo 


Cuanr I. Family r, 


C Photographs suggest involvement 


EH Nen - Shudied. Mele. 


Cuarr IL Family m. 


involvement with the syndrome. Photo- 
graphs of a fourth member suggested bone 
involvement on the basis of the facial char- 
acteristics. This patient represented the 
third generation. 

lable 1 gives the genealogv of the 2 
families. 

The disorder in both families appeared to 
fulfill the definition of a bone dysplasia in 
that the predominant error was intrinsic to 
the bone, it affected all bones similarly and 
was generalized in distribution. À review of 
the available literature failed to reveal a 
description of a similar disease. Thus, it was 
felt that the dysplasia was sufficiently rare 
to warrant a report. 


* Y Qg ad if oar i ur P4 B ayes gga EY ES TIU = ^w pg; da DOS BONUS MAR dt pra y dx ub ur ý whee: SACR MEA k E ae EPA E oc ASE se ay. 
Presented in part at the Twenty-seventh Midsummei Radiological Conference of the Rocky Mountain Radiological Society, Den- 


ver, Colorado, August 19-21, 1963. 


F Associate Radiologist, Department of Radiology, South Unit, The You ngstown Hospital Association, Youngstown, Ohio, 
f Assistant Attending Pediatrician, Mount Sinai Hospital Services, City Hospital at Elmhurst, Queens, New York. 
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FM d Sex — Relationship (renet 
NO, vr.) tion 
FAMILY | 
5 Fo proband Fav 
2 16 mo. NI brother Fav 
3 22 mo. |o first cousin lav 
4 L1 AF third cousin LETT 
g 24 H mother jong 
b 23 iD aant Fan 
E io M uncle Eun 
3 45 I grandmother Fn 
F a Mo granduncle Fu 
FAMILY H 
IO | | proband Fan 
Li 3 mo. Eo sister Fan 
12 E F^ mother Fu 
11 £9 grandmother Fi 


Case 1, a female, aged 3 vears, F iv, 
propositus, was the original case studied in 
the first family. She was the product of a 
full-term gestation, with a birth weight of 5 
pounds, r43 ounces. Numerous observa- 
tions of weight, length and circumferences 
of the head and chest over the 3 vear period 
showed that these were considerably below 





Fic. r. Case 1. Lateral roentgenogram of skull. The 
anterior fontanelle is open. A micrognathia with a 
marked overbite is present. The base of the skull 


and mastoid processes are sclerotic. 
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the soth percentile according to Wetzel's 
normograph. The child had numerous res- 
piratory and ear infections. She was frail, 
delicate and underweight. The gait was 
abnormal. The teeth showed malahignment. 
The ears were large and the eves prominent. 

Laboratory Findings. The sweat test, 
serum protein, albumin, globulin, albumin 
‘globulin ratio, calcium, alkaline phospha- 
tase, acid phosphatase, complete blood cell 
count and urinalysis were normal. The 
inorganic phosphorus was slightly elevated 
on 2 Occasions, 4.5, and 4.3 mg. per cent, 
respectively (the normal range is 2.7-4.0 





Fic. 2. Case 1. C4 and B) Anteroposterior roentgeno. 
grams of humeri. Bowing and cortical irregularity 


are evident in the radu, The humeri show under 
eylindrization. 





An Undiagnose 


mg. per cent). The karyotype was normal. 

Roentgenographic Findings, 

Skull, The anterior fontanelle was open. 
The base of the skull and the mastoid pro- 
cesses showed a moderate sclerosis. The 
paranasal sinuses were underdeveloped. 
Micrognathia was present and produced a 
marked overbite (Fig. 1). 

Long Tubular Bones, Vhere was flaring of 
the metaphyses at the proximal and distal 





Anteroposterior 
pelvis and femora. A hydroureter is present on the 


FIG: 3 . Case 
left. The e iliac bones are Hared at the crests and 
flattened in the area of the acetabula. Coxa valga 
and metaph: vseal Haring are present in the femora. 
The ischial bones are tapered. 





roentgenogram of 
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Anteroposterior roentgenogram of 


Case 


one and ibi ae. The tibiae present an "S" shaped 


lic. 4 


appearance. The metaphyses are flared. Both 


fibulae are bowed. 


ends of the humeri, femora and tibiae, The 
radu, iln ae an d ins were only shghtlv 
flared. , 
tibiae AR an p "sh aped appearance 
in the anteropos nio roentgenogram, Cor- 
tical irregularity was generalized. A severe 
coxa valga was present with the femoral 
necks vertical to the shafts of the femora 
(Fig. 2, ,7 and B; 3; and le 

Short Tubular B ones, There was 
ing of many phalanges of the hands (Fig. s, 
-f and B) and feet. This was most marked 
in the distal phalanges of the thumbs and 
great toes. 


IF rists, 


shorten. 


Sternum and Fertebrae. Vhe dis. 
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hic. 4. Case 


thumbs are s j ortened 


tal ends of the radii and ulnae were tilted 
towards each other (Fig. 5, -7 and 5). Only 
2 ossification centers were present in the 
sternum; 1 for the manubrium and 1 for the 
superior segment the gladiolus. The 
vertebral bodies in the lower thoracic and 
the upper lumbar areas were increased in 
height. 

Flat Bones. The scapulae were shortened 
in their vertical diameter. The iliac bones 
were fattened in the area of the acetabu- 
ium and flared at the crest. The ischia were 
tapered. The bodies and inferior rami of the 
os pubis were not mineralized. The supe- 


ot 


rior rami were small and attenuated (Fig. 
3). 


Ribs. The ribs revealed multiple deformi- 
ties. Irregular constrictions and contours 
produced a ribbon appearance (Fig. 6). 

Urinary System, Vhere was a hydro- 
nephrosis and hydroureter on the left side 
with distal ureteral stenosis (Fig. 3). 
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E i and B) Anteroposterior roentgenograms 
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of hands and wrists. The distal phalanges of the 


. The radit are bowed. Lack of normal cvlindrization is present in several metacarpals. 





DR 


fic. 6. Case 1. Anteroposterior roentgenogram of 
} 
ribs. Marked detamits with cortical irregularity is 
present. The ribs give a ribbon ea 
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Other Bones. The clavicles were narrowed 
and irregular laterally (Fig. 6). 

Teeth. There was malalignment of all the 
teeth. 


Comment, \ 16 month old male (Case 2, 


female (Case 3, F iv), cousin of Case 1, 
demonstrated similar clinical and roent- 
genographic findings. 

An 1r: vear old male (Case 4, Fin), cousin 
of Case 1, had a moderate overbite and 
malalignment of the teeth but no other 
stigmata of the disease. The patient has 
been treated for coxa vara with braces for 
several vears, 


CASE § 

The mother (Case 5, F in) of Case 1 pre- 
sented the adult form of the dvsplasia. 

Laboratory Findings. The blood chemis- 
tries and karyotype were normal. 

Roentgenographic Findings. 

Skull, A moderate degree of hvperostosis 
interna frontalis was present on the right 
side. There was sclerosis of the base ot the 
skull. The greater wing of the left sphenoid 





Case £. Anteroposterior roentgenogram of 
ribs. The ribs are narrowed posteriorly and broad- 
ened laterally and anteriorly. The twelfth ribs 
show cortical irregularity. 


FIG. 7. 
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Fic. 8. Case s. Anteroposterior roentgenogram of left 
humerus, The proximal shaft is bowed lateraliv. 


was widened. The frontal sinuses were 
poorlv developed. 

Mandible. Micrognathia 
moderate overbite. 

Ribs and Clavicles. There was widening of 


the clavicles medially. 


produced a 


Many of the ribs 
were narrowed posteriorly with prominent 
flaring of their anterior portions, This was 
particularly marked in the lower ribs. Ír- 
regularity of the twelfth ribs produced a 
ribbon appearance (Fig. 7). 

Long Tubular Bones. A mild degree of 
abnormal cylindrization of the proximal 
tibiae and distal right femur was present. 
The left humerus was slightly longer than 
the right humerus and had a marked lateral 
bowing of the proximal portion of the shaft 
(Fig. 8). 

F'ertebrae. The lumbar vertebral bodies 
were increased in height with narrowed 
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l'1G. 9. Case 5. (4) Anteroposterior roentgenogram of lumbar spine and pelvis. The right innominate bone is 
hypoplastic. The lower ribs show cortical irregularity and deformity in contours. (8) Lateral roentgenogram 
of lumbar spine. The lumbar vertebrae are increased in height. 


intervertebral disk spaces between the 
vertebrae (lig. 9, 7 and B). 

Flat Bones. The right innominate bone 
was hypoplastic and irregularly shaped 
(hig. 9.7). 

Comment. An aunt (Case 6, F 111) of Case 
i had a minimal overbite. Several upper 


mal phalanges of the second, third and 
fourth toes were shortened in both feet. The 
pelvis and tubular bones were not remark- 
able. 


X 


An uncle (Case 7, F 11) of Case 1 had a 
hvpoplastic mandible resulting in a moder- 
ate overbite. There were under evlindriza- 
tion and cortical irregularity of the right 
temur and humerus. A moderate hypo- 
plasia involved the right pubic bone and 
ischium. The right obturator foramen was 
small. The ribs were markedly widened 
throughout their lengths with the exception 
of narrowing near their vertebral attach- 
ment. There was widening of the medial 
ends of the clavicles. 
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The grandmother (Case 8, Fit) of Case 
had a moderate overbite. The proximal 
phalanges of the second and third toes were 
shortened in both feet. The lumbar verte- 
brae were increased in height. 

A granduncle of Case 1 (Case 9, F ii) had 
a slight overbite. The first metatarsa ls were 
shortened. The remaining bones were 
normal, 


FAMILY H 
CASE IO 


The roentgenographic changes in a 3 
vear old pip (Case 10, F iii), pr opositus 
of Familv i1, could almost be superimposed 
on those of È ase 1, Family 1 (Fig. 10, 11 and 
i2 

Comment. X sister (Case 11, F111) of Case 
10 was first observed Zi utero at 6 months of 
gestation, Roentgenographic findings were 


ra 


present in the ribs and long tubular bones 


(Fig. 13). 





R ane x ap IB cs ae Fic. 11, Case to, Anteroposterior roentgenogram of 
)oentgenograms at | onths age da dire: PINE NC TIME WE UNE 

INOEDCEEU BI ms B 3 , TOL 2 : ise ribs. The ribs are deformed. Cortical irregularity is 
showed a micrognathia with a mild over- generalized. A ribbon appearance is present. Com- 
bite. Generalized cortical irregularity was pare with Figure 6. 


present in the tubular bones. There was 
faring of the metaphyses of the humeri, 
radii, fibulae and tibiae. Bowing of the tib- 

produced an "S" shaped appearance. 
The proximal tibial epiphyses were tilted 





Fic. 10, Case 1o. Lateral roentgenogram of skull. The 
anterior fontanelle is open. A micrognathia withan — Fic. 12. Case ro. Anteroposterior roentgenogram of 
overbite is present. Sclerosis is present in the skull pelvis. The iliac crests are flared, The femora show 
and mastoid processes. Compare with Figure r a coxa valga deformity, Compare with Figure 3. 


Sa. D 
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Fic. 13. Case 12. Anteroposterior roentgenogram of 
abdomen and pelvis. Case 11 72 aero at 6 months’ 
gestation. Rib and long bone changes are present. 
The maternal pelvis shows iliac crest flaring and 
increase in the height of the lumbar vertebrae. The 
ribs have an irregular contour. 


laterally. The distal phalanges of the toes 
were shortened. A concavity in the central 
portion of the lower thoracic and lumbar 
vertebral bodies produced a double beak 
appearance. There was a delay in the ossifi- 
cation of the sternum. The ribs had multi- 
ple areas of irregular narrowing. There was 
flaring of the iliac bone on the right. 
CASE 12 

The mother (Case 12, F 11) of Cases to 
and r1 had a moderate degree of hvperos- 
tosis interna frontalis bilaterally. Sclerosis 
was present in the base of the skull and 
mastoid processes. The metaphvses of the 
humeri, femora and tibiae showed flaring. 
There were under cvlindrization and bow- 
ing of the tibiae and fibulae. Coxa valga 
was present. The lower thoracic and upper 
lumbar vertebral bodies had an anterior 
concavitv, producing a double beak appear- 
ance similar to that seen in Case 11. Six 
lumbar vertebrae were present. There was 
flaring of the iliac wings (Fig. 13). The su- 
perior rami of the os pubis were narrowed. 
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The scapulae were small and showed con- 
striction of the bodies. The ribs were nar- 
rowed near their attachment with the ver- 
tebral column and broadened laterally and 
anteriorly. The cortices were thinned 
throughout the length of the ribs. There 
was flaring of the ends of the clavicles with 
irregular areas of constriction centrally. 

Comment. Photographs of the grand- 
suggested the presence of the bone dvs- 
plasia in the skull, mandible and long tubu- 
lar bones. 


DISCUSSION 
Table i gives the blood chemistry val- 


ues in Cases 1, 10, 11 and 12 and the urine 
analysis values in Cases to and 11. 


Tage H 
ROENTGENOGRAPHIC MANIFESTATIONS 
Skuli 
à) delay in closure of anterior fontanelle 
b) sclerosis of base and mastoids 


Mandible 


a) micrognathia 
b) overbite 


c) malalignment of teeth 
Tubular Bones 


a) metaphyseal faring 
b) bowing—-“S” shaped appearance of tibia 
C) shortening 
d) cortical irregularity 
e) coxa valga 
Kibs 
a) cortical irregularity 
b) ribbon appearance 
Vertebrae 
a) increase in height 
b) anterior concavity with double beak 
c) decreased disk spaces in lumbar area 
Flat Bones 
a) flaring of iliac crests 
b) narrowed obturator foramen 
c) tapered ischia 
Other Bones 
a) delay in sternal ossification 
b) cortical irregularity of clavicles 


c) flaring of clavicles 


NR 
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Numerous laboratory studies in Cases 
10, 11 and 12, Family 11, were performed. 
The results were normal with the excep- 
tion of a slightly elevated serum phos- 


Taste III 


BLOOD CHEMISTRIES 


Case Case 


Case Case 
I IO II 12 
IO.I 
Calcium (mg. 97) 9.3 10.2 10.8 9.6 
Phosphorus AS So CR. 03 
(mg. %) 4.3 
Alkaline phosphatase 13.9" 7.9] rat 
m:a" 
Blood urea nitrogen 
(mg. %) 14 13 16 14 
Glucose (mg. %) 60 98 104 96 
Protein (gm. %) 7.98 7.0 6.1 6.4 
Albumin (gm. %) 4.23 4.4 4.0 3.6 
Cholesterol (mg. %) 124 236 180 
A/G ratio 1.13 
Globulin 3.75 
* King-Armstrong units. 
f Bodansky units. 
URINE ANALYSIS 
Case ro Case 11 
Creatinine (mg./L) 533 355 
Calcium concentration 
(mMol./L) R56 1.50 
Phosphorus concentration 
(mg./L) 1370 800 
Free hydroxyproline less less 
concentration (mg. 97) than I than 1 
Total hydroxyproline 
concentration (mg. %) 14.5 9.4 
Total alpha amino nitrogen 
(uMol./mg. creatinine) normal normal 
Amino acid chromatogram normal normal 
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TABLE IV 


PERTINENT FEATURES 


. familial (hereditary?) 

. congenital 

. female predominance (?) 
characteristic facies 

a) exophthalmos 

b) full cheeks 

. micrognathia 

. malalignment of teeth 

normal karyotype 

. slightly elevated serum PETAT 


4C mon 


* Case 1 and Case 11. 


phorus in Case 11. A similar finding was 
observed in Case 1, Family 1. 

The roentgenographic manifestations en- 
countered in the bones of the affected mem- 
bers of the two families are listed in Table 
I. 

The ethnic origin of the 2 families was 
sufficiently different to exclude a close 
relationship. The father of Case 1, Family 
1, was Hungarian. The remaining members 
of. the family were of Italian origin. All 
members of Family 1 were of Anglo-Saxon 
origin. 

In certain areas there were similarities to 
other individual bone dysplasias; however, 
the over-all pattern was so different that it 
was felt that this was a new entity. 

The pertinent features characteristic of 
the entity described are enumerated in 


Table iv. 


SUMMARY 


A severe bone abnormality was observed 
in a 3 year old white female which led to a 
family study of 4 generations. Nine of the 
14 members of the family revealed some 
degree of involvement. The most severe 
changes were found in the original case 
(Case 1) and the mother (Case 5). The 
youngest patient was 16 months of age. 

A second family, representing 3 genera- 
tions, presented 3 similar cases (Cases Io, 
II and 12) and possibly a fourth case (Case 
13). The youngest patient was observed 
in utero. 

A total of 18 members of the 2 families 


48 John C. Melnick and Carl F. Needles 


was studied. Thirteen of these, 9 females and 
4 males, showed some degree of bone in- 
volvement. The roentgenographic and clin- 
ical findings were practically identical in 
both families. 

The disorder is presented as a possible 
new entity among bone dysplasias. 


J. C. Melnick, M.D. 

The Youngstown Hospital Association 
South Unit 

Youngstown, Ohio 44501 
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T. Teree and LeRoy Klein of Babies and Chil- 
dren’s Hospital, Cleveland, Ohio. 
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THE ROENTGEN APPEARANCE OF PSEUDOHYPO- 
PARATHYROIDISM (PH) AND PSEUDO-PSEUDO- 
HYPOPARATHYROIDISM (PPH)* 
DIFFERENTIATION FROM OTHER SYNDROMES ASSOCIATED WITH 


SHORT METACARPALS, METATARSALS, AND PHALA? 





xb» 


By HOWARD L. STEINBACH, M.D., and DUANE A. YOUNG, CAPTAIN, MC USAF} 


SAN FRANCISCO, CALIFORNIA 


UCH confusion is apparent in reports 

of the significance of short or dispro- 
portionately short metacarpals, metatar- 
sals, and phalanges in the diagnosis of pseu- 
dohvpoparathvroidism. (PH) and pseudo- 
pseudohypoparathyroidism (PPH). Van 
der Wert ten Bosch® concluded that the 
only abnormalities patients with PPH had 
in common were reduced stature and 
brachydactvlia. Brachvdactvlia was at- 
tributed to a developmental abnorm ality of 
the metacarpal and metatarsal bones. In 
his report, van der Werff ten Bosch** in- 
cluded 4 cases of gonadal dvsgenesis with 4 
of classic PPH in a svndrome he called 
"brachymetacarpal dwarfism.” Roche, 
Todd, Hill, Nickerson, and Tingley,? and 
Uhr and Bezahler*! reported instances of 
multiple familial exostosis with short meta- 
carpals as PPH. Bell, Geraro i, and Bart- 
ter,!® Costello and Den t," and Singleton 
and Teng® have described patients with 
PH whose stature, hands, and feet were 
normal, but who had superimposed second- 
ary hyperparathvroidism. 





METHOD 


In this report the roentgen findings of 57 
patients with PH and 20 with PPH re- 
ported in the literature are analyzed. Our 
own 3 patients, previously reported, are 
included. Only those were selected whose 
roentgenograms of the hands were de- 
scribed in detail, or were adequately repro- 
duced for interpretation, From reviewing 
these cases, we have concluded that the 


roentgen descriptions are frequently incom- 
plete, with attention focused upon dispro- 
portionate shortening of the metacarpal 
and metatarsal bones. Those roentgeno- 
grams showing uniform shortening of the 
metacarpals were usually reported as nor- 
mal. Also, many obvious anomalies of the 
phalanges were not discussed in the text. 
For this reason, our tabulated results (Ta. 
bles 1 to x) represented only the minimal 
roentgen manifestations; the actual abnor- 
malities are probably considerably greater. 
Our own evaluation of 3 patients is based 
on a roentgen survey of all important skele- 
tal regions. The following definitions were 
used for selection. 

PH is a congenital, hereditary 
ity characterized by hy pocalcemia and 
hyperphosphatemia, as in hvpoparathy- 
roidism. It does not, however, respond 
adequately to parathyroid hormone. The 
parathyroid glands are present and may be 
hvperplastic, but the hormones produced 
by them lack the ability to effect adequate 
phosphate diuresis. Most of these patients 
are short, obese, and mentallv retarded, 
and corneal or lenticular opacities and 
brachydactylia may be present. 

Roentgenograms of many show calcifica- 
tion or ossification of the skin or subcu- 
taneous tissues, or calcification of the basal 
ganglia or other parts of the brain. The 
roentgen studies may also give evidence of 
exostosis, accelerated closure of epiphyses, 
short phalanges, metacarpals and meta- 
tarsals, and delaved or defective dentition. 


abnormal- 


* From the Department of Radiology, University of California School of Medi licine, San Francisco, California. 
Supported i in part by Grant AM-o2589 from the United States Public Health Service, 
T The views expressed herein are those of the author and do not necessarily reflect the views of the Air University, the United States 


Air Force or the Department of Defense. 


49 


Howard L. Steinbach and Duane A. Young May, 1966 


Tage I 


SKULL ABNORMALITIES NOTED IN PUBLISHED CASE REPORTS OF BOTH 
AND IN OUR PATIENTS WITH P H* 


PH AND PPH 





Published 
Case 

Reports Cent 
(no.) 


Cases reviewed LE 
Skulls examined roentgenologically 49 
Abnormalities 
Thickened calvarium or widened diploe 18 
Thick inner table i 
Basal ganglia calcification (including 
Centate nucleus) 2 
Other intracranial calcification S 
Small pituitary fossa 3 
Brachycephaly 2 
Abnormal dentition ly 


* Dara obtained from references: 1—4, 6-8, 10, 12, 13, 15, 16, 18, 20-31, 337. 


In some instances, the skeletal density 1$ 
diffusely decreased, usually ascribable to 
ostecporosis. In others, the typical sub- 
periosteal erosions and cysts of osteitis 
fibrosa cystica are present. Increased skele- 
tal densitv has also been described. 

The term PPH is used to indicate those 


whose blood chemistry levels are normal. 
The features of PH that result from de- 
rangement of metabolism of calcium and 
phosphorus are almost never present in 
PPH. Some of these features are cataracts, 
calcification of the basal ganglia and den- 
tate nucleus, and abnormal tooth forma- 
tion. PPH is presumed to represent a par- 
tial expression of the genetic abnormality. 
The complete form, manifesting all the 
major components of the disease, is repre- 
sented by PH. 
RESULTS 
SKULL 

The calvarium has been described as 

thick in approximately 37 per cent of the 


patients with PH and in 25 per cent of those 
with PPH (Table 1). It was present in 1 of 


| PPH 


Published 
Case 
Reports 
(no.) 


Our 


ay. i. Pe r 
Patients 


P. Cent 
(no.) 


1 6O | 20 
3 5 | 12 
19 1 3 25 
O 1 2 i 25 
« - iy 
j T3 44 i o 
C 5 Es l 5 
E fy C Eas 
3 b 


our 3 patients (Fig. 1). Usually, this thick- 
ening was the result of widened diploe, 
although the inner table was described as 
thick in 3 patients with PPH and in 1 of 
PH. 

Calcification of both the basal ganglia 
and the dentate nucleus of the brain has 
been reported in 44 per cent of the patients 
with PH. It was seen in only 1 of our 3, not 


appearing until the age of 17 years, This 





Fic. 1. The calvarium is moderately thickened. 
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calcification has been described in 1 patient 
with PPH,and alsoin 1 with PH whose cal- 
cium and phosphorus values reverted to 
normal spontaneously. Calcification of 
other parts of the brain was noted in 15 per 


Calcification in the brain usually develops 
late in childhood or early adult life and is 


+ 


TABL 


Pseudohvpoparathyroidism £1 


lac. 2. Typical roentgen changes of pseudoh y popara- 


thyrotdism. All of the tubular bones are short. The 
first, fourth, and fifth metacarpals are dispropor- 


tionately short with diminished tubulation, and 
their epiphyses are partially fused. All of the distal 
phalanges and the second and fitth middle pha- 
langes are extremely short. Extensive subperios- 
teal resorption, indicative of osteitis fibrosa result- 
ing from secondary hyperparathyroidism is visible 
on all of the phalanges and on the radius and uina. 
(Reproduced with permission from Y. Clin, Endo- 


crinol. & Metabol.™) 


independent of other soft-tissue ossification 
or calcification. It is related to the abnor- 
mal serum concentration of calcium and 
phosphorus, whereas soft-tissue ossification 
in this syndrome appears to be genetic in 
origin. Calcification of the basal gangha 
also occurs in idiopathic hvpoparathyroid- 
ism. 

Abnormal dentition (hypoplasia, defec- 
tive dentine, widened root canals, delaved 
eruption, and excessive caries) was appar- 
ent in 37 per cent of PH patients. In 1 ot 
our patients, eruption of teeth was delayed, 
many teeth were carious, and root canals 
were wide. As would be expected, this ab- 
normal dentition was not mentioned in 


ell 


ABNORMAL METACARPALS NOTED IN PUBLISHED CASE REPORTS OF BOTH PH AND PPH 
AND IN OUR PATIENTS WITH PH* 


Published 
Case 
Reports 
(no.) 
Hands examined roentgenologically 102 


Normal 37 
Abnormal =g 


Abnormal, individual metacarpals 


not specified 18 


Abnormal, individual metacarpals 
specified v 





| Published 
Case 

Reports 
fno.) 


Qur 
Patients Total 
(no.) | 


Per 


Cent 


£ LOJ 40 
O 2 ac 4 I 
6 81 Se. B AD jc 
$ o£. f b n 
i 
O r5 2 
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Tase III 


ABNORMAL PHALANGES OF HANDS NOTED IN 
PUBLISHED CASE REPORTS OF BOTH PH AND 
PPH AND IN OUR PATIENTS WITH PH* 





PH PPH 
Pub- Pub- 
lished Our lished 
Case  Patients| Case 
Reports (no. | Reports 
(no.) (no.) 
No. of patients with 
roentgen examina- 
tions of hands pt 3 20 
No. of patients in whom 
abnormal phalanges 
were noted 26 3 I5 
No. of patients with 
these abnormal pha- 
langes: 
Distal 17 a 12 
Middle 16 I 10 
Proximal I o 8 
Not specified 1 o o 


* This table is unavoidably incomplete because of reasons dis- 
cussed in the text, Data obtained from references: 1—3, 6-10, 13- 
15, 18-31, 34, 35, 37, 39, 42) 43» 45-51, 54757, 59, 63, 66. 


reports of patients with PPH whose blood 
calcium and phosphorus levels were normal. 
HANDS 


Abnormality of the skeletal structures 
consisted of disproportionate uniform short- 
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ening of metacarpals and phalanges (Fig. 2). 
This shortening involved both hands and 
tended to be symmetric, although occa- 
sionally involved different metacarpals and 
phalanges on the two sides. In patients 
with short stature, all of the bones, includ- 
ing those of the hands, were short but 
usually evoked no comment in the reports. 

Tables r and ru list the abnormal meta- 
carpals and phalanges noted in the re- 
viewed case reports and in our own pa- 
tients. Table 1v enumerates the individual 
abnormal metacarpals in these patients and 
Table v gives the individual abnormal 
phalanges in our patients with PH. In 
general, the reference to short digital bones 
means only disproportionate shortening. In 
all probability, most of the bones were 
shorter than normal when the patient was 
of short stature. 

Metacarpals were short in about 75 per 
cent of the patients with PH and in go per 
cent of those with PPH. In PH the fourth 
and fifth metacarpals were nearly always 
involved with the first, third, and second 
next. In PPH, the order of frequency was in 
the fourth, fifth, third, first, and second 
metacarpals. The second metacarpal was 
short in only 27 per cent of the patients 
with PH and in 26 per cent with PPH. In 
our own 3 patients, the first, fourth, and 
fifth metacarpals were disproportionately 


Tase IV 


INCIDENCE OF SHORT OR DEFORMED METACARPALS NOTED IN PUBLISHED CASE REPORTS 
OF BOTH PH AND PPH AND IN OUR PATIENTS WITH PH* 







Hands in which abnormal metacarpals 


were specified 57 
Metacarpal 1 abnotmal 46 
Metacarpal 11 abnormal I5 
Metacarpal nı abnormal 28 
Metacarpal rv abnormal $3 
Metacarpal v abnormal $4 


PPH 
: Published 

. Case Per 

Patients Total Resorts. Cent 
(no.) 
(no.) 

6 63 34 

4 5o 79 13 38 

2 17 27 9 26 

3 31 49 17 5o 

4 57 9I 29 86 

4 58 92 26 77 


* Date obtained from references: 1, 7, 8, 13-15, 18-20, 22~24, 26, 28, 29, 31, 34, 35, 37-39. 42 43, 45749, 542 56, 57, 59. 
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TaBLe V 


ABNORMAL PHALANGES OF HANDS IN OUR 
PATIENTS WITH PH 


No. of hands examined 


roentgerologically 6 
Normal pkalanges O 
Abnormal phalanges 


(short or deformed) 6 
Incidence of abnormal 


phalanges: tal dle imal 
Digit 1 6 O O 
Digit n 6 2 o 
Digit 11 5 o o 
Digit ıv 4 2 O 
Digit v 4 o o 


short in 67 per cent, the third 1n 5o per cent, 
and the second in 33 per cent. Fusion of the 
epiphysis to the metaphysis was usually 
premature in disproportionately short meta- 
carpals and phalanges, but the shortening 
had preceded fusion. In some short bones, 
fusion had occurred at the expected time, 
indicating a disturbance in proliferation of 
the epiphyseal growth cartilage. 

Usually, short phalanges were not de- 
scribed, although they were sometimes 
visible in published reproductions of roent- 
genograms. Frequently, they were poorly 
reproduced or not included on roentgeno- 
grams. Nevertheless 26 instances of PH and 
15 of PPH with at least one short phalanx 
were documented. All but 1 were associated 


Pseudohypoparathyroidism 
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Tagle VII 


ABNORMAL PHALANGES OF FEET NOTED IN PUBLISHED 
CASE REPORTS OF BOTH PH AND PPH AND 
IN OUR PATIENTS WITH PH* 







PH 
Pub- 


lished Our lished 
Case Patients} Case 
Reports (no.) | Reports 


(no.) 





No. of patients with 


roentgen examina- 
tions of feet 25 3 14 
No. of patients in whom 
abnormal phalanges 
were noted 3 3 7 
No. of patients with 
these abnormal pha- 
langes: 
Distal 2 I 5 
Middle 2 o 5 
Proximal 3 3 6 
Not specified O o I 


* This table is unavoidably incomplete because of reasons dis- 
cussed in the text. Data obtained from references: 1-3, 7-9, 15, 
18-20, 22, 24~ 26, 28-30, 36-39, 45, 47, 50, 51, 61, 66. 


with short metacarpals. Shortening was 
most frequent in the distal and middle 
phalanges. Although frequency was not 
tabulated, we gained the impression that 
shortening is most common in the distal 
first phalanx. Shortening involved the first 
and second distal phalanges in all 3 of our 


Tase VI 


ABNORMAL METATARSALS NOTED IN PUBLISHED CASE REPORTS OF BOTH PH AND PPH 
AND IN OUR PATIENTS WITH PH* 





PH PPH 
Published Our Published 
Case i Per Case Per 
Reports Ei Total Cent | Reports Cent 
(no.) i (no.) 
No. of feet examined roentgenologically 50 6 56 28 
Normal I5 2 17 30 I 3 
Abnormal (short or deformed) ar 4 39 70 27 97 
Abnormal, individual metatarsals 
not specified 6 O 6 4 
Abnormal, individual metatarsals 
specified 29 4 33 23 


* Data obtained from references: 1-3, 7-9, 15, 18—20, 22, 24-26, 18—30, 36-39, 46, 47, 50, 51, 61, 66. 
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Tas_e VIII 
INCIDENCE OF SHORT OR DEFORMED METATARSALS NOTED IN PUBLISHED CASE REPORTS 
OF BOTH PH AND PPH AND IN OUR PATIENTS WITH PH* 
PH PPH 
Published Published 
Case : Per Case Per 
Reports Patients Total Cent | Reports Cent 
(no.) 
(no.) (no.) 
Feet in which abnormal metatarsals 
were specified 29 4 33 23 
Metatarsal 1 abnormal 9 2 II 33 12 52 
Metatarsal u abnormal 6 O 6 18 6 26 
Metatarsal 111 abnormal 19 2 21 64 14 61 
Metatarsal rv abnormal 26 2 28 85 15 74 
Metatarsal v abnormal IO o IO 30 8 85 


* Data obtained from references: 1, 7-9, 15, 18-20, 22, 24, 26, 29, 30, 37—39, 46, 47, 50, 61. 


patients and the other distal phalanges 
were short in 72 per cent of the fingers. The 
middle phalanges of the second and fourth 
fingers of both hands were short in 1 of 
these patients and the proximal phalanges 
were not abnormal. 


FEET 


Tables vi and viz list the abnormal meta- 
tarsals and phalanges noted in the reviewed 
case reports and in our own patients. Table 
VIII enumerates the individual abnormal 
metatarsals in these patients and Table 1x 
gives the individual abnormal phalanges in 
our patients with PH. 


TABLE IX 


ABNORMAL PHALANGES OF FEET IN 
OUR PATIENTS WITH PH 


No. of feet examined 
roentgenologically 6 
Normal phalanges 
Abnormal phalanges 
(short or deformed) 6 


O 


Incidence of abnormal Dis- Mid- Prox- 

phalanges: tal dle imal 
Digit 1 2 o 6 
Digit r 2 o 6 
Digit 11 2 O 6 
Digit rv 2 O 6 
Digit v 2 o 6 


Of so feet studied in reproduced roent- 
genograms of patients with PH, approxi- 
mately 70 per cent were abnormal. All of 
these had at least 1 short metatarsal with 
the fourth and third predominating (85 per 
cent and 64 per cent, respectively, [Fig. 3]). 
The first, second, and fifth were short in 33, 
18, and 30 per cent, respectively. In roent- 
genograms of patients with PPH, all feet, 
except in I patient, were abnormal. The 
fourth (74 per cent) and third (61 per cent) 
metatarsals were most commonly involved. 
Next in order were the first (52 per cent), 
the fifth (35 per cent) and the second (26 
per cent). In 2 of our 3 patients, the first, 
third, and fourth metatarsals were dispro- 
portionately short. The phalanges of the 
feet are more difficult to evaluate because 
of their common normal variations: short 
middle phalanges, which frequently lack 
epiphyses; absent fifth middle phalanx; and 
cone-shaped epiphyses of the proximal 
phalanges. The short middle phalanges may 
therefore be disregarded. Abnormal pha- 
langes were noted only in 3 of 25 reports of 
PH and in 7 of 14 PPH. Short distal pha- 
langes were described in 10 per cent of the 
patients with PH and 23 per cent of those 
with PPH. The proximal phalanges were 
short in I3 per cent and 27 per cent, respec- 
tively. The distal phalanges were short in 1 
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The first, 


lic. 3. Same patient as in Figure 1 and 2. 
d and fourth metatarsals are relatively shorter 


than the other short metatarsals. In contrast to the 
short metacarpals, the third and fourth short 
metatarsals are usually well tubulated, 


of our patients and the proximal phalanges 
in all 3. Premature 
short bones was common in the feet of our 
patients, as well as in those described in the 
literature. 

Among other skeletal anomalies, exosto- 
sis Was reported in 2 patients with PH and 
in 5 with PPH. loss s was present in 2 
of our 3 patients (Table x). These exostotic 
growths differ from the usual osteochon- 
dromas. Usually, thev are not located in the 
metaphvseal region but are more central. 
They are frequently broadbased and short, 
and project at approximatelv right angles 
to the shaft. In 1 of our patients observed 
for a number of vears, an exostosis began as 


?seudoh y poparath vroidism 





epiphyseal fusion of 


toe 
ban 


a soft-tissue ossification at the proximal end 
of the femur and ultimately fused to the 
bone (Fig. 4, 7 and 77). "e than one such 
growth may be present in PH and PPH, 
Lhey are not as extensive or as symmetric, 
however, as those in "mu tiple familial 
exostosis.” Neither are they associate l 
with localized bone deformities, as in “mul- 
tiple familial exostosis.” 


HIPS 


Coxa vara has been reported i He 2 pati ps 
with PH and in 2 with PPH (Table x). Ini 
of our 3 patients, bilateral coxa vara was 
preceded by a detect of ossification in the 
zone of provisional calcification. This ossifi- 
cation was similar to that seen in rickets, 
metaphyseal dysostoses, or congenital coxa 
vara. It also resembled the metaphyseal 
detects of the knees, as seen in genu val. 
gum. It was limited, however, to the proxi- 
mal temoral met: ahy sis and was eg 
bv slipping of the epiphyses (Fig. 5). We 
have seen similar changes in 2 a pad- 
tients who are not included in this report. 

Eros valga was reported in 3 patients 

ith PH and in 1 JE with PPH, and in 
I in our 3 (Fig. 4, Zand B). 

A groove-like deformity of the proximal 
RE surface e of d » alanges was re- 
|. w o we call cone-s n aped e epi s ses, 
in the adjacent epiphvseal metaphyseal 
regions of the ph alanges and metacarpals 
were reported in 4 patients with PH and 
were seen in 2 of our patients (Fig. 2). 

Bowing of the long bones was described 
with PH in ¢ patients. 

Including our reports, accelerated ma- 
turation of the skeleton was reported in g 
patients with PH and in 1 patient with 
PPH. Usually, this maturation was interred 
from prem acute epiphyseal fusion of the 
tubular bones of the hands and feet. Selec- 
tive premature fusion occurred in the hands 
and feet of all 3 of our patients. A slight 
acceleration of maturation of other bones 
was also observed. In 2 of our 3 patients, 6 
and 65 years of age, this maturation was 
advanced 14 and 18 months, respectively. 
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TABLE X 
MISCELLANEOUS ABNORMALITIES NOTED IN PUBLISHED CASE REPORTS OF 
BOTH PH AND PPH AND IN OUR PATIENTS WITH PH* 
PH PPH 
Published Published 
Case Per Case Per 
Reports Pos Total Cent | Reports Cent 
(no.) (no.) 
Total cases $7 3 60 20 
Coxa vara 2 3 5 IO 
Coxa valga 3 I 4 " I 5 
Slipped capital femoral epiphyses I 2 3 o Oo 
Anteroposterior grooves of proximal 
base of phalanges 2 O 2 3 3 I$ 
Cone-shaped epiphyses of digits 4 2 6 10 O Oo 
Bowed long bones ç O [s 8 O o 
Reported accelerated skeletal maturation 6 3 9 I5 I 5 
Exostoses 2 2 4 7 A 25 
Soft tissue calcification or ossification 30 3 33 55 8 40 
Osteoporosis I2 1 13 22 I 5. 
Abnormally dense skeleton 3 o 3 5 o © 
Prominent trabeculae 7 O ri 12 1 5 
Osteitis fibrosa (hyperparathyroidism) 3 3 6 - IO O O 


* Data obtained from references: 2—4, 6—10, 13-15, 18-28, 31, 33-39, 41-43, 46, 48-51, 54-57, 61, 63, 66. 


OSTEOPOROSIS AND OSTEOSCLEROSIS 


Osteoporosis was reported in 12 patients 
with PH and in 1 patient with PPH (Table 
x). Oneofour patients had bone with coarse 
trabecular pattern and diminished density, 
the cause of which is unknown. Of the re- 
ported patients with PH, 3 had osteosclero- 
sis. This osteosclerosis is also seen occa- 
sionally in idiopathic hypoparathyroidism 
and is then presumably the result of dimin- 
ished osteoclastic resorption secondary to 
decreased or absent parathyroid hormone. 
In PH, however, the parathyroids are in- 
tact and secrete a normal or excessive 
amount of hormone. Resorption of bone 
may be inadequate, however, if the hor- 
mone is abnormal or the bone is resistant to 
resorption. 

OSTEITIS FIBROSA CYSTICA 

We have previously reported 2 patients? 

with PH in whom roentgen evidence of 


osteitis fibrosa cystica consisted of typical 
subperiosteal resorption of the cortex. This 


resorption was particularly evident in the 
middle phalanges (Fig. 2). It responded 
subsequently to treatment, which restored 
the abnormal serum calcium and phos- 
phorus levels to normal. We ássumed that 
this resorption was caused by secondary 
hyperparathyroidism, the result of the low 
serum calcium. Since then, 3 additional 
patients have been reported!?^?^55 and we 
have seen a third patient. This totals 6 
cases of PH (Table x). That secondary 
hyperparathyroidism is not more frequent 
in PH is surprising. In 1 of our patients, 
subperiosteal resorption was not seen ini- 
tially but appeared at the age of 4 years. 


SOFT-TISSUE OSSIFICATION OR CALCIFICATION 


Ossification and calcification of soft 
tissue, exclusive of the basal ganglion, den- 
tate nucleus, and other parts of the brain, 
are 2 of the common features of both PH 
and PPH. This change was reported in 33 
(55 per cent) and 8 (40 per cent) patients, 
respectively. In many, it was probably 
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hic. 4. 67) Ossification of the soft tissue adjacent to 





the medial femoral cortex. (2) The ossification has 
now atrached to the cortex and appears to be aris- 
ing from it. Another exostosis is attached to the 
pubic bone. Coxa valga is present. 


undetected because total body roentgeno- 
grams are not ordinarily obtained and the 
mineral deposits are usually small and 
easily mi sed In our 3 patients such den- 
sities were found in each (Fig. 6). The cal- 
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lic. c. Almost symmetric coxa vara deformities of 
both femurs. The neck is bent caudally and its 
proximal segment is not mineralized. Both epi- 
physes have slipped caudally. Similar lesions occur 
d rickets, Bios eal dysostosis, primary sec- 
ondary hyperparathyroidism and congenital coxa 
rara. The distal femur was normal. (Reproduced 


with permission from Y. Clin. Endocrinol. i2 
Metabal.*) 





cium or bone mav be present at birth and, 
if superficial, may produce nodules id 
can be seen or pi Hered These nodules 
involve connective tissue structures of the 
skin, subcutaneous tissue, fascial planes, 

Drm and tendons. Periarticular re- 
gions appear to be particularly favored. 
Both sides of the body may be involved, 





Fic. 6. Unusually large and dense ossification of soft 


tissue along the lateral surface of the knee. Fre- 
quently, ossification and calcification are barely 
dis anor on roentgenograms. 


an 
OO 


The right hand at 9 months of age. The only 
abnormality is a decreased distance between the 


pies 


roentgenograms showed a congenital absence of 
the distal epiphysis. 


but not symmetrically. The nodules are 
common in the scalp and in the upper and 
lower extremities, particularly in the hands 
and feet. In some of our patients, the neck, 
trunk, and abdominal and thoracic walls 
have been involved as well. On roentgeno- 
grams, small punctate densities may be 
seen which in some regions coalesce. The 
densities remain the same size or increase 
slightlv with advancing age. They may be 
or, perhaps always are, present before the 
characteristic bony abnormalities appear.?? 
Since thev are present in PPH with normal 
serum concentration of caletum and phos- 
phorus, thev are probably genetically de- 
termined. Also they are independent of 
basal ganglion and dentate nucleus calcifi- 
cation which is related to abnormal calcium 
and phosphorus metabolism. One of our 
patients with soft-tissue ossification at 
birth, initially had hypercalcemia, which 
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subsequently reverted to hypocalcemia 
with hyperphosphatemia. The relationship 
of the hypercalcemia to ossification of soft 
tissue Is not known. Hypercalcemia in PH 
had not been reported previously. The 
calcification or ossification does not involve 
the muscles and viscera. 


DISCUSSION 


The full syndrome of PH is characterized 
bv 3 basic genetically determined compo- 
nents. Any one of these constitutents may 
be onlv partially manifested or mav be 
absent. They are: 


(1) Skeletal deviations consisting of 


short stature, disproportionate length of 
the digits of hands and feet, and thick 
calvarium. Other skeletal abnormalities 
which may be genetic have also been pres- 
ent occasionally. Some of these are exos- 
tosis, coxa vara, coxa valga, bowed radius 
and ulna, and dense or lucent bones. 

(2) Ossification or calcification of soft 
tissues, excluding those in the basal gan- 
elion or dentate nucleus of the brain. This 
ossification or calcification differs from that 
seen in other syndromes. It is present early 
in life, is usually not extensive, and in- 
creases slightly with growth of the patient. 
It involves the skin, subcutaneous tissues, 
and deeper connective tissue, but not mus- 
cle, vessels, cartilage, or viscera. These 
features tend to differentiate this ossifica- 
tion or calcification from calcinosis uni- 
versalis, dermatomyositis, and myositis 
ossificans. The accumulation of bone or 
calcium may be associated with or without 
abnormalities of calcium and phosphorus 
metabolism, of which they are independent. 
Such soft-tissue calcification and ossifica- 
tion, because of its apparent genetic basis, 
should not occur in idiopathic or postopera- 
tive hvpoparathyroidism. Nevertheless, it 
has been reported in a few isolated cases. 

(3) Abnormally low serum concentration 
of calcium and high serum concentration of 
phosphorus, similar to those of hy popara- 
thvroidism but resistant to injected para- 
thvroid hormone. Possiblv, this resistance 
results from reduced sensitivity of the 
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kidnev tc parathyroid hormone, diminish- 
ing phosphate diuresis and elevating serum 
ot “phosphorus. Secondary effects of the low 
calcium and high phosphorus are calcifica- 
tion of basal ganglion, faulty dentition, 
cataracts, and osteitis fibrosa cystica. Cal- 
cification of the basal ganglion also occurs 
in idiopathic or postoperative hypopara- 
thyroidism. It has been seen rarely in pa- 
tients with PPH who probably originally 
had PH with subsequent remission of the 
metabolic disturbance. This calcification is 
also present in other conditions, such as 
toxoplasmosis or idiopathic TET calcifi- 
cation of the basal ganglia." The defects of 
the teeth consist of delaved eruption, faulty 
root formation, wide root canals, impaired 
formation of dente and caries. 

The low blood calcium stimulates the 
parathyroid glands. The glands then elabo- 
rate excessive quantities of parathyroid 
hormone which acts on bone to produce 
osteitis fibrosa cystica. This latter manifes- 
tation is not as common as expected. As in 
other forms of secondary or primary hyper- 
parathyroidism, however, bone lesions may 
not be visible on roentgenograms. Subperi- 
osteal resorption, indicative of osteitis 
fibrosa cvstica, was visible on roentgeno- 
erams of all 3 of our patients with PH. 
Thus, patients with PH have been de- 
scribed whose metabolism was defective 
but skeletal development was normal. 
These patients were with or without ectopic 
ossification or calcification. In others, meta- 
bolic defects and skeletal abnormalities were 
present but the soft tissues were normal. 

In patients with tvpical skeletal abnor- 
malities, with or without scft-tissue ossifi- 
cation oz calcification but who respond 
normally to parathyroid hormone, the 
disease is called PPH. The following evi- 
dence suggests that PPH is an incompletely 
expressed form of a genetically determined 
abnormalitv of which PH represents the 
complete syndrome: (1) the sex distribution 
(almost t wice as many females as males) is 
the same in the two abnormalities; (2) PPH 
has occurred among some relatives of pa- 
tients with PH; (3) hypocalcemia may be 
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All of the 
metacarpal bones are short. The cartilaginous 
growth plate of the first and fifth metacarpals is 
narrow, Indicating that fusion is likely to take 
place prematurely. Almost complete lack of dia- 
physeal constriction of these 2 bones and, to a 
lesser extent, of the middle metacarpal is demon- 
strated, de phalanges are short and broad. The 
epiphyses of the first distal phalanx are congeni- 
tally absent and those of the right second and third 
distal phalanges are fused. The epiphyses of the 
fifth middle phalanx are in the process of fusion 
along the lateral margin. The epiphysis of the 
second middle phalanx is cone-shaped, fitting into 
a corresponding deformity of the metaphysis. This 
deformity is frequently seen in. pseudohypopara- 
thvroidism and pseudo-pseudohypoparath yroid- 
ism. (Reproduced with permission from Kadi- 
ology.) 


Fie. 8. Right hand at 49 months of age 


an inconstant feature in an individual case 
which thus mav be classified as one or the 
other at different times; ^ (4) the distri- 
bution and extent of genetically determined 
lesions are similar (excluding those due to 


hvpercalcemia such as basal ganglion and 
dentate nucleus calcification, abnormal 


dentine formation, and cataracts). 
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The most obvious changes roentgeno- 
logically are the short metacarpals, pha- 
langes, and metatarsals. Usually, all of the 
tubular bones of the hands and feet are 
short, but some are shorter than others. 
The metacarpals most commonly and 
severely involved are the fourth and fifth 
with the first and third next. The distal 
and middle phalanges of the hand are more 
often short than are the proximal pha- 
langes. In addition to their shortening, the 
metacarpals are usuallv broad because of 
diminished constriction of the center of the 
shafts. This diminished constriction is 
proportionate to the degree of shortening. 
The metaphyseal margins adjacent to 
epiphyses are flared. The epiphyseal 
growth cartilage is narrow and the epiph- 
yses frequently fuse early. 

Although the metatarsals are short and 
their epiphyses fuse early, except for the 
first, they are usually not excessively 
broad. Abnormal shortening and prema- 
ture fusion of the phalanges, metacarpals, 
and metatarsals are frequently associated 
with cone-shaped deformity of the epi- 
physes and metaphyses. The fusion occurs 
first in the apex of the cone and then ex- 
tends to the periphery (Fig. 2). In some 
phalanges the deformity is limited to the 
metaphyses. Some phalanges lack epi- 
physes or have rudimentary epiphyses, 
which are partially fused when they first 
appear. 

We have reported a patient?? with PH 
in whom typical skeletal abnormalities, not 
present initially, developed between 9 and 
49 months of age (Fig. 7 and 8). 


DIFFERENTIAL DIAGNOSIS 
BRACHYPHALANGIA 


Short metacarpals and metatarsals, simi- 
lar in all respects to those seen in PH and 
PPH, may occur as isolated defects. They 
may also be associated with malsegmenta- 
tion, or with errors In growth of the pha- 
langes. These short fingers may be included 
under the term of brachyphalangia, which 
has been further categorized depending 
upon the specific bones involved. The de- 
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formities of the hands and feet are fre- 
quently hereditary and, in many instances, 
are associated with short stature. They are 
usually transmitted as a simple dominant 
characteristic. The bones involved are 
frequently bizarre in appearance and rela- 
tively symmetric on the 2 sides of the 
body. The usual involvement of the fourth 
and fifth and sometimes the first metacar- 
pal, with relatively normal second metacar- 
pal in PH. and PPH, usually does not 
prevail. None of the patients with brachy- 
phalangia has ectopic bone or calcium 
deposits. Aberrations of calcium and phos- 
phorus metabolism do not develop in them 
or in members of their families." 


PERIPHERAL DYSOSTOSIS 


Peripheral dysostosis is a dysplasia of 
bone in which the major manifestations are 
shortening of the metacarpals, metatarsals, 
and phalanges (Fig. 9, 4 and B). The short 
metacarpals are  underconstricted and 
undertubulated with associated flaring of 
the metaphyses. The short phalanges are 
broad and frequently have cone-shaped 
epiphyses and metaphyses, most often 
present in the proximal phalanges. The 
epiphyses may fuse prematurely or may be 
congenitally absent. The styloid process of 
the ulna may be exceptionally long or may 
be retarded in development. This descrip- 
tion would fit some of those of PH or PPH, 
but differs in the following features: (a) 
ossification or calcification of soft tissues is 
absent; (b) the phalanges and metacarpals, 
although short, are usually proportionate, 
whereas in PH and PPH they are usually 
disproportionate; (c) the cranial vault is 
not thick; and (d) the serum calcium and 
phosphorus levels are always normal. 


CHONDRO-ECTODERMAL DYSPLASIA 


The chondrodysplasia of the hands and 
feet may resemble that of peripheral 
dysostosis, but polydactyly and fusion of 
carpal bones are frequent complications. 
The tubular bones of the hands and feet 
may be disproportionately short and the 
distal phalangeal epiphyses delayed in 


Fic. 9. Peripheral dvsostosis. 7) All of the tubular 
bones are short, The proximal bones are relatively 
shorter with the distal phalanges least involved. 
The metaphyses of several phalanges are concave, 
some with adjacent cone-shaped epiphyses in 
various stages of fusion, This same change is also 
true of the first metacarpals. The articular margins 
of several epiphyses are notched. Epiphyses of the 
middle phalanges are either. rudimentary or ab- 
sent. (B) Similar changes are present in the feet. 


maturation. The long bones of the ex- 
tremities are shorter than normal, par- 
ticularlv, those distal to the elbows and 
knees. Ectodermal dysplasia 1s manifested 
as à dystrophy of the fingernails, sparse 
hair of the scalp, and delaved defective 
dentition, 

With achondroplasia, Hurler’s syndrome, 
Morquio’s disease, congenital spondylo- 
epiphyseal dysplasia, — pseudoachondro- 
plasia, and diastrophic dwarfism (Fig. 10), 
some or all metacarpals, metatarsals, and 
phalanges are short. They are easily dis- 
tinguished, however, on the basis of the 
characteristic roentgen pattern. 

Two diseases commonly produce lesions 
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of the tubular bones of the hands and feet 
similar to those of PH and PPH. Thev are 
multiple familial exostosis and Turner's 
syndrome. Other features of these diseases 
readily distinguish them. Why these 2 
syndromes and not those previously de- 
scribed are commonly included in the 
entity of PH or PPH is dificult to under- 
stand. All have in common the short 
metacarpals, metatarsals, and diminished 
stature. 


MULTIPLE FAMILIAL EXOSÜlOSIS 


This is a relatively common anomaly 
characterized by multiple osteochondromas 


or exostotic lestons in any of the bones 
except the cranial vault. In the long bones 





Fic. 10, Diastrophic dwarf. The striking abnormality 
of the hands in this disease is an extremely short 
first metacarpal, frequently triangular in. shape. 
Other more variable errors of segmentation occur, 
such as the extremely short fourth and fifth pha- 
langes and moderately short middle phalanx as in 
this patient, The epiphysis for the third middle 
phalanx is fused to the metaphysis. These patients 
also have scoliosis, clubbed feet, short tubular 
bones, multiple dislocations, and delayed appear- 
ance and deformity of many epiphyses. 
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Multiple familial exostosis. Bilateral short 
fourth metacarpal and the right first metacarpal 
resemble those seen in pseudohypoparathyroidism 


hig. Yd. 


and pseudo-pseudohypoparathyroidism. The dis- 
tinguishing features are the exostoses of several 
tubular bones which are usually present, the nor- 
mal distal phalanges, and the characteristic short- 
ening and deformity of the left ulna. 


they are predominantly in the metaphyseal 
region, which is frequently widened. They 
usually point toward the middle of the 
shaft but mav extend at right angles to the 
cortex. These lesions may be short or long, 
broadbased or pedunculated, or rough or 
smooth. In children, and sometimes in 
adults, a cartilage cap may be calcified. 
The exostotic growths are small in children 
and grow along with other bones of the 
skeleton. Their growth is accelerated dur- 
ing the prepubertal growth spurt. It is 
during puberty frequently that they are 
palpated and the diagnosis is established. 
After puberty the exostosis may remain 
stationary or continue at a slower rate. 
Many of these patients are short in stature, 
bas od metac iE metatars uu and 
i n AI di Te anomalies are e present ith 
PH and PPH. The exostotic lesions in our 


patients with PH and PPH, and many of 


those illustrated, however, are not identi- 
cal to those of multiple familial exostosis. 
In PH and PPH, exostosis tends to be 
located near the center of the shaft and 
extends at right angles to the cortex. In 
PH and PPH, it appears to rise from 
periosteal pro oliferation rather than from 
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endochondral ossification. The growths are 
not associated with widening and distor- 
tion of the ends of the bone. Although 
multiple, they are not as numerous as in 
most cases of multiple familial exostosis. 
In 1 of our patients, an exostotic growth 
arose in the soft tissue adjacent to the 
proximal femur. It increased in size, 
pass fusing with the cortex (Fig. 4, 
44 and B). 

wa , with multiple familial exostosis, 
one or both distal ulnae are short, pd 
and irregular in contour. These abnor- 
malities are unique to that disease. Ir- 
regularitv in contour of the phalanges and 
a po or ae Seen are 


-PPH IS pss T n ware of Semi 
transmission in PH and PPH is probably as 
a sex-linked dominant with predominance 
in the female (2:1). It is probably not 
transmitted from father to son”? although a 


few reports to the contrary have ap- 
peared.!/39.99 In multiple familial exostosis, 


the transmission is autosomal dominant, 
predominating in the male with a ratio of 
7:3. Transmission is usually from the 
father.” 


TURNER’ S SYNDROME 


This svndrome consists of gonadal 
aplasia, short stature, webbed neck, and 
an increased carrying angle of the arms. It 
is usually accompanied by alterations in 
size, composition, or contour of skeletal 
components. Among these are a relatively 
short fourth metacarpal and an incr eased 
angle of the proximal carpal bones. The 
ulna mav be short or the ulnar stvloid 
process absent. The radius and ulna may 
be curved and the medial tibial condyle de- 


formed, with a beak-like process arising 
from the medial metaphysis. A large 


medial femoral condyle, osteoporosis, and, 
at puberty, a delayed skeletal maturation 
are other possible alterations. The short 
fourth metacarpal is usually bilateral and 
of normal contour. It is often so shght that 
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it can be detected onlv bv comparing its 
length with the adjacent metacarpals. This 
comparison is made bv drawing a line 
tangential to the distal end of the fifth and 
fourth metacarpals. The line should pass 
distal to the head of the third metacarpal.’ 
In 1 of the 17 patients (6 per cent) with 
gonadal dysgenesis described by Archibak i 
Finby, and DeVito, the fifth metacarpal 
was extremely short. It resembled the 
metacarpals in PH and PPH. Van der 
Werff ten Bosch? noted extremely short 
metacarpals with gonadal dvsgenesis in 4 
instances. He included these with 4 of PH 
in à syndrome which he called brachv- 
metacarpal dwarfism. We have seen ex- 
tremely short metacarpals in about § per 
cent of patients with Turner’s syndrome. 
In these patients the metacarpals resem- 
bled those seen in PH and PPH (Fig. 124). 
The lack of tubulation and constriction 
in all syndromes considered in this discus- 
sion is roughly proportional to the degree 
of shorten: ng. This lack results in extremely 
short metacarpals that are relatively broad 
with widened metaphyses. They also have 
in common a narrow epiphyse: al cartilage 
and concave metaphysis, with the epiphy- 
sis surrounded by the base of the metaphy- 
sis. The deformity of the metatarsals in 
PH and PPH is identical to that of Turner's 


syndrome (Fig. 12 5). Premature fusion of 


the epiphyses occurs in Turner's syndrome 
despite the retarded skeletal maturation. 
Short phalanges appear to be much more 
common in PH and PPH than in Turner's 
svndrome. 

Turner's svnrome and PH have many 
abnormalities in common, These are, short 
stature, curved long bones, short fourth or 
fifth metacarpals, and short metatarsals. 
Many more dissimilarities are present, 
however, which indicate that the 2 condi- 
tions are separate entities and should not 
be classified together. 

Ossification or calcification of the soft 
tissues is not a feature of Turner’s svn- 
drome. Turner’s syndrome has not been 
described in patients with metabolic dis- 
turbances of calcium and phosphorus. The 
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lic, 12. Turner's syndrome. (4) Left hand. Short 
fourth and fifth metacarpals with premature fusion 
of the epiphyses and relative shortness of the fifth 
middle phalanx. The distal phalanges are normal. 
Mild osteoporosis is present. (B) Feet of a different 
patient with Turner's syndrome. Short third and 
fourth metatarsals with premature fusion of the 
epiphyses are the most striking deformities. Cone- 
shaped epiphyses of the middle three proximal 
phalanges are present but these, as well as the 
short middle phalanges and absent epiphyses of 
the third and fourth distal phalanges, occur fre- 
quently in otherwise normal individuals. 


cranial vault is not thick. The characteris- 
tic deformities about the knees of patients 
with Turner's svndrome are not seen with 


PH or PPH. 


In Turner's syndrome, definite abnor- 
malities of sex chromosomes occur, nearly 


always present in only 1 generation. This 
change differs from PH, in which. the 
chromosome karvotype is normal and the 
disease is present in many generations. 


SUMMARY 
Pseudohvpoparathvroidism (PH) is a 
hereditary congenital abnormality con- 
sisting of 3 separate components: (1) 
metabolic abnormalities of low serum cal- 
cium and high phosphorus which do not 
ied: Po to parathyroid hor- 
mone; (2) short stature and disproportion- 
ate shortening of some metacarpals, meta- 
tarsals, and ph alanges, which mav develop 
after birth; (3) ossification or calcification 
of the soft tissues. The soft tissue ossifica- 
tion or calcification may be the initial 
lesion with skeletal deformity and charac- 
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teristic electrolyte disturbance developing 
later. 

Pseudo-pseudohypoparathyroidism (PPH) 
is a partial manifestation of the same syn- 
drome with normal calcium and phosphorus 
levels in the serum. 

The skeletal and soft tissue lessions have 
been tabulated and are presented. Similar 
lesions of the metacarpals, metatarsals and 
phalanges occur with multiple familial 
exostoses, Turner’s syndrome, and other 
less common syndromes, but these have 
other roentgen, clinical, and genetic find- 
ings that indicate the correct diagnosis. 


Howard L. Steinbach, M.D. 
Department of Radiology 
University of California 

San Francisco Medical Center 
San Francisco, California 94122 
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PROGRESSIVE SYNOSTEOSIS IN APERT'S SYNDROME 
(ACROCEPHALOSYNDACTYLY)* 


WITH A DESCRIPTION OF ROENTGENOGRAPHIC CHANGES 
IN THE FEET 


By EDWARD W. SCHAUERTE, M.D., and PAUL M. ST-AUBIN, M.D., M.S. (Hygiene) 
OMAHA, NEBRASKA 


CROCEPHALOSYNDACTYLY was 
first suggested as a separate disease 
entity by Apert! in 1906. The classic de- 
scription of this syndrome includes patients 
with a combination of acrocephaly and 
syndactylism. Since Apert's original de- 
scription, there have been fewer than 200 
cases reported. , 

The cause of the disease is attributed by 
Blank* to a single gene in heterozygous 
form, with sporadic cases resulting from 
new mutation in the germ cells in one or 
the other parent. An increased father's age 
appears to be an important causal factor. 

Roentgenographic findings such as acro- 
cephaly, bone fusions between the pha- 
langes of different digits of the hands, and 
deformities of the shoulders and elbows 
have been described in the past, and will 
not be discussed 1n this paper. The synoste- 
oses that occur with increasing age have not 
been appreciated in Apert's syndrome. This 
is due to the fact that most of the cases 
reported have been in young individuals, 
where serial studies at different ages have 
not been obtained. It is the purpose of the 
authors to describe and discuss the bone 
fusions that occur with increasing age, 1n- 
cluding roentgenographic changes in the 
feet. 

The roentgenograms and clinical findings 
of the 9 patients under consideration in 
this article will be discussed in more detail 
in a separate publication. The ages of the 
patients at the time of their most recent 
roentgenograms are: Case 1, age 6 months; 
Case 2, age 2 years 2 months (hands), 4 
years 7 months (feet); Case 3, age 3 years 
9 months; Case 4, 3 years 10 months; 
Case 5, 5 years 6 months; Case 6, 14 years 


Io months; Case 7, 26 years 6 months; Case 
8, 54 years; Case 9, 67 years. 

The roentgenographic findings in these 
patients are described under the headings: 
Spine, Hands and Feet. 


SPINE 


The synosteoses of the spine observed in 
this series of patients are limited to the 
cervical region. Fusions of the bodies of 
the cervical vertebrae are present in 2 
cases. Roentgenograms obtained at the age 
of 8 years 6 months in Case 7 show discrete 
6th and 7th cervical vertebrae, while later 
studies at the age of 26 years show fusion 
of these vertebrae (Fig. 1, £ and B). Case 
9, which shows fusion of the bodies of C-5, 
C-6, and C-7, does not have an earlier 
examination for comparison. 

In Case 4, at the age of 3 years Io 
months, there is fusion at the proximal end 
of the cervical spinous processes of C-2 and 
C-3 and between the entire length of the 
spinous processes of C-5 and C6, which 
is not present at the age of 3 months (Fig. 
2, A and B). Aroentgenogram from Case 6, 
obtained at the age of 14 years, shows fu- 
sion of the cervical spinous processes at 
several levels, while an earlier study ob- 
tained shortly after birth shows no evidence 
of fusion of these processes. Case 5, in which 
there is fusion of the cervical spinous pro- 
cesses between C-2 and C-3 and between 
C-4 and C-5, does not have a prior ex- 
amination for comparison. 


HANDS 


Six of the 9 patients show fusion between 
the 4th and sth metacarpals. In Case 3, 
shortly after birth, there are separate 4th 


* From the Department of Radiology, University of Nebraska College of Medicine and Hospital, Omaha, Nebraska, 
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lic. r. Case 7. (4) At age 8 years 6 months, the 6th and 7th cervical vertebrae are discrete. (B) At age 26 
years, there is fusion of the bodies of the 6th and 7th cervical vertebrae. 


and sth metacarpals, while at the age of 
3 years g months there is fusion present be- 
tween the proximal ends of these meta- 
carpals. In Case 6, at the age of 6 vears 6 
months the 4th and sth metacarpals are 
discrete, and at the age of 14 vears Io 
months fusion is present (Fig. 3, Z and P). 
Case 6 also exhibits a Madelung's de- 
form:tv and fusion between the phalanges 
of adjacent digits. Case 7 shows no evidence 
of fusion between the 4th and sth meta- 
carpzls at the age of 8 vears 6 months, while 
it is present at the age of 23 years. In 
Cases 3, 6, and 7, the ages at the time of 
the svnosteoses are not known since 
roentgenograms were not obtained in the 
time intervals between the patients’ ages 
listed above. Case z, at birth, has fusion 
of the 4th and sth metacarpals. Cases 1, 2, 
and 4, at the ages of 6 months, 2 vears 2 
months, and 3 years 10 months, respec- 
spectively, do not have synosteosis between 


the 4th and sth metacarpals. This repre- 
sents an age range where fusion is not al- 
wavs observed so that the possibility of 
its occurrence at a later date, in these 
cases, 1s not excluded. 


FEET 


Fusion between the tarsal bones is ob- 
served to be one of the most constant find- 
ings in our cases of Apert's syndrome, and 
vet, in the majority of articles on this sub- 
ject, this abnormality is not described. The 
infrequency with which this finding had 
been observed in Apert's syndrome is il- 
lustrated by the review of the world litera- 
ture by Park and Powers? in 1920, where 
in 29 cases only 1 with tarsal fusion was 
noted. Two of the later exceptions are the 
papers by Cohn and Cooper. Cohn,’ re- 
porting on a single case, observed fusion of 
the tarsal bones, and Cooper,‘ in describ- 
ing her patient, noted the tarsal bones “to 
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Fic. 2. Case 4. (4) At age 3 months, the cervical vertebrae have separate spinous 
sion of the spinous processes between C-2 and C.3: 


3 years 1o months, there is a 
be irregu E ine fused and reduced in num- 
ber." These authors do not mention the ab- 
sence of noo on earlier roentgenograms 
of their patients. 

Progressive svnosteosis of the tarsal 
bones is demonstrated bv the following 
cases. Case 2 shows a discrete calcaneus 
and cuboid at the age of z months, followed 
bv complete fusion of these bones at the 
age of 4 vears 7 months (Fig. 4, .7 and B): 
In Case z, the calcaneus and mem are 
separate at birth, and almost completely 
fused at the age of 2 vears 6 months (Fig. 
4C). The same case, at the age of 5 years 
6 months (Fig. 4D), shows complete fusion 
of the calcaneus with the cuboid, and, in 
addition, fusion of the 3rd metatarsal with 
the lateral cuneiform. In Case 6, at the age 
of 11 vears 6 months, the nicala and 
medial cuneiform are De, while at the 
age of 14 vears 10 months thev are fused 
(lig. 4, E and FI 


s processes. (B) At age 


it between C-za nd C.6. 


Cases 7, 8, and 9 have tarsal fusion, 
roentgenograms mcr during chi 
are not available. With the o Um si 
fusion shown in Cases 2, 5, 


eA 


Idho 


+ E 


5$, and 6 and the 


sv nosteoses already established in the older 





Fic. 3. Case 6. (4) At age 6 years 6 months, the ath 


and gth metacarpals are separate. (B) Eight vears 
later there is bilateral fusion between the 
the 4th and sth metacarpals. Surgical changes are 


present with only the bases of the 2nd ee 


bases of 


remaining, and these are not well shown because of 
superimposition of adjacent metacarpals. ae 


osteosis between adjacent Ke anges and Made 
eformity are also demonstrated. 


70 Edward W. Schauerte 


ionths, with 


(A) Case 2, 
fusion of the calc 





ineus and cuboid. 


i 


and Paul M, St. Aubin 





Lay, 1966 





y 


B Case 


separate, ( 3: vears 7 months, with 


(C) Case 5, age 2 years 6 months, with partial fusion of the calcaneus and cuboid, fusion between the ist 
and 2nd metatarsals, and fusion between the terminal phalanges. (D) Case 5, age z vears 6 months, with 
postsurgical changes, complete fusion of the calcaneus and cuboid, and fusion of the ird metatarsal and 


$ a 


ic Jarera] cuneitorm, 


CE) Case 6, age 11 vears 6 months, with medial cuneiform and navicular separate. (A) Case 6, age 14 
years to months, with fusion between the navicular and the medial cuneiform. 











(G) Case & age £4, with fusions of: navicular and medial cuneiform, calcaneus and cuboul, navicular and 
calcaneus, 3rd metatarsal and lateral cuneiform, rst and 2nd metatarsals, and between the interphalangeal 
joints, A "pseudo-articulation" between the phalangeal masses of the Ist and 2nd digits and a well devel- 
oped Gs peroneum are aiso present. (/7) Cu, age 67, showing most of the changes seen in G and, in 
addition, fusion between the 4th and ¢th metatarsals and the bases of the phalangeal masses of the 3rd and 





4th toc 
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patients, a definite pattern in the order of 
fusion at the tarsal bones becomes manifest. 
In Cases, 1, 2, and 5, with roentegnograms 
taken prior to 1 vear of age, the calcaneus 
and cubcid are discrete (Fig. 44). Partial 
to complete fusion of the calcaneus with 
the cuboid is seen in all patients older than 
2 vears 6 months of age (Fig. 48 and 68). 
Fusion of the lateral cuneiform with the 3rd 
metatarsal is not present in Cases 1, 2, 3, 
and 4, but is present in the remaining cases, 
beginning with Case ¢ at the age of ¢§ vears 
6 months ( Hong au Ganda: and sB)." Phe 
hext boné fusion in the foot appearing with 
increasing age (Case 7, age 8 vears; Case 6, 
age 14 vears 10 months) involves the navic- 
ular and medial cuneiform and usually also 
the intermediate cuneiform (Fig. 4, F-H; 
and 5, .Z and 5). Cases 7 and 8 show bone 
fusion between the navicular and cal- 
caneus on one side onlv, which with the 





o 


Fra. g. Case 7 Right foot. 
terminal phalanges are separate and no evidence 


GT) At age 8 vears, the 
of fusion. of the metatarso-phalangeal joints is 
noted. (B) At age 26 years 6 months, fusion of the 
and and 3rd metatarso-phalangeal joints, oblitera- 
tion of the terminal interphalangeal joints and a 
“pseudo-articulation” between the phalangeal 
masses of the 2nd and 3rd toes are demonstrated. 
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rig. 6. Case 7. (.4) Roentgenogram at 
age 8 years. (B) Age 26 years 6 months, with 
fusion of the metatarso-phalangeal 
ard and 4th digits, development of a "pseudo- 
articulation" between the 2nd and grd metatarsals, 
and an os peroneum present at the base of the sth 
metatarsal. None of these findings are seen in .4. 


Left foot. 


joints of the 


svnosteoses already present results in a 


single tarsal bone mass excluding the talus 
and lateral cuneiform (Fig. 4G). 
In the vounger p most of the toes 


appear to have only 2 phalanges (Fig. 
ánd 64). Case 9» (big. 5), at the age of 8 
vears, illustrates absence of fusion at the 
distal interphalangeal joints, while a i 
roentgenogram of the same case, at the age 
of 26 vears 6 months (Fig. zB), das 

fusion between these Joints. This fusion of 
the interphalangeal joints is also observed 
in Case 8 and Case 9 (Fig. 4, G and #). 
Only Case 7 shows fusion of the phalanges 
with the metatarsals. There is fusion of the 
proximal phalanges of the 3rd and 4th toes 
with the heads of the corresponding met 
tarsals on the left (Fig. 65), while on t 
right (Fig. <B) there is fusion of t 
ph alanges of the 2nd and 3rd toes with t 

heads of their 


TE 


COFF esponding metatarsals, 


ds 
he 
] 
| 


72 


These findings are not present on an 
earlier roentgenogram at the age of 8 
years (Fig. 54 and 64). In Case 5 (Fig. 4C) 
there is fusion identified between the 
terminal phalanges of the 2nd, 3rd, and 
4th toes, which is an uncommon finding in 
Apert's syndrome. The only other case in 
our series showing fusion between the 
phalanges is Case 9 (Fig. 4H), where it is 
present between the bases of the fused 
phalanges of the 3rd and 4th toes. 

Fusion between the Ist and 2nd meta- 
tarsals, best illustrated by Figure 5B, is 
present in 8 offg"cases, with Case 6 the 
exception. This latter case has fusion be- 
tween the 4th and 5th metatarsals which 
was not present shortly after birth. 

Failure of normal tubulation of the 
bones is well seen in the roentgenographic 
illustrations. 

In the older patients, there are bony 
outgrowths from the phalanges which have 
been previously described.* 

Bone age is retarded, in particular in the 
development of the cuneiforms (Fig. 4, B 
and C). 

*Pseudo-articulations" are present in 
the older patients between the phalanges 
and metatarsals of the different toes (Fig. 
4G, 5B, and 6B). In Case 7, at the age of 
26 years 6 months, *'pseudo-articulations" 
between the 2nd and 3rd phalanges and be- 
tween the 2nd and 3rd metatarsals have 
developed since the age of 8 years (Fig. 5, 
A and B; and 6, £ and D). 

An interesting finding in the 4 oldest 
cases is the presence of an unusually large 
os peroneum. The os peroneum, an acces- 
sory bone of the foot, occurs in 7 to 11.7 
per cent of normal individuals,* 7? and is 
located in the terminal portion of the ten- 
don of the peroneus longus muscle. It is 
usually less than 5 mm. in greatest dimen- 
sion. The largest os peroneum identified by 
Dwight! in his large series, measured ap- 
proximately 1X2 cm. This center is not 
present in Case 7 at the age of 8 years, 
while at the age of 26 years 6 months it 1s 
clearly seen near the base of the sth 
metatarsal (Fig. 6, 4 and B). The presence 
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of a’ large os peroneum, measuring up to 2 
cm., in the 4 oldest patients suggests that 
it is a common finding in older patients 
with Apert’s syndrome. . 

The abnormal roentgenographic findings 
in most cases are bilaterally symmetric. 


SUMMARY : 


The feet in Apert’s syndrome show a 
definite pattern of. fusion which occurs in 
the following order: calcaneus with cuboid, 
lateral cuneiform with third metatarsal, 
navicular with medial cuneiform, and 
phalanges at the interphalangeal joints. 
Also present in the feet of older patients 
are "pseudoarticulations," well developed 
ossa peronei, and bony outgrowths from 
the phalanges. 

A description of progressive synosteoses 
of the bones of the hands and cervical spine 
has also been presented. In our review of 
the literature of Apert’s syndrome, no 
mention of progressive synosteoses has 
been noted. 

Because of the generalized changes and 
the increasing deformities with age, acro- 
cephalosyndactyly does not seem a par- 
ticularly good descriptive term for this 
disease, and in its place progressive synos- 
teosis with syndactyly is suggested. Pro- 
gressive synosteosis with syndactyly 1s 
more inclusive since the acrocephaly is for 
the most part explained by premature 
synosteosis. | 


Edward W. Schauerte, M.D. 
Massac Memorial Hospital 
Metropolis, Illinois 62960 
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IHE SILVER SYNDROME: CONGENITAL ASYMMETRY, 
SHORI STATURE AND VARIATIONS IN 
SEXUAL DEVELOPMENT* 


ROENTGEN FEATURES 


By JOHN E. MOSELEY, M.D., RALPH E. MOLOSHOK, M.D., 
and ROBERT H. FREIBERGER, M.D. 


NEW YORK, NEW YORK 


rs 1953, Silver e£ a/.'6 reported 2 children 
with a syndrome characterized by short- 
ness of stature, hemihypertrophy and vari- 
ations in sexual development. Subse- 
quently, other children with similar mani- 
festations were reported by various authors 
and, tn 1964, Silver!’ summarized the find- 
ings iri 29 examples of the syndrome. Two 
additional patients have been described by 
Reister and Scherz! and were not included 
in Silver’s review. 

The roentgen findings in this syndrome 
have received no particular attention in 
previous reports, nor has the syndrome 
been discussed in the radiologic literature. 
The purpose of the authors is to report 2 
additional patients with the syndrome and 
to discuss and illustrate the characteristic 
roentgen features. 


REPORT OF CASES 


Case I. An 11 year old female was admitted 
to the hospital with an acute gastroenteritis. 
Little was known of her family history as she 
was adopted at 3 months of age. Although she 
had been delivered at term, her birth weight 
was 1,620 gm. (3 Ib., 9 oz.). She was discharged 
from the premature nursery at 3 months of age 
when her weight was 5 lb. Growth retardation 
and slow weight gain persisted and studies else- 
where were said to have been noncontributory. 
The appearance of breast development and 
axillary and pubic hair was noted at 8 years of 
age. Menarche occurred at 9 years of age and ir- 
regular menses had recurred infrequently since 
that time. 

On examination the patient presented a 
markedly linear configuration with a stature 
which was small in relation to her mature facial 
appearance. There was complete asymmetry 


with the left half of the face, trunk and ex- 
tremities smaller than the right. Her weight 
was 24 kg. (53 lb.), more than 3 standard devi- 
ations below the mean for her age. Her height 
was 140 cm. The distance from the anterior 
superior spine to the medial malleolus was: left 
68 cm. and right 71 cm. The acromio-finger tip 
distance was 57 cm. on the left and 60 cm. on 
the right. The mid-thigh circumference was 26 
cm. on the left and 30 cm. on the right. The 
mid-biceps circumference was 41 cm. on the 
left and 45 cm. on the right. Muscular devel- 
opment was obviously greater on the right half 
of the entire body. The facies presented a 
triangular appearance with the cranial vault 
disproportionately large for the facial area. The 
cranial vault was dolichocephalic and the facial 
area was long and tapered to a small chin. The 
dental arch was crowded; dental maturation 
was compatible with the chronologic age. 
There was a high arched palate. A left internal 
strabismus was present. The ocular fundi were 
normal. No abnormality of the heart or lungs 
was noted. The blood pressure was 100/80. The 
abdomen was soft; the liver edge was palpable 
3 cm. and the spleen 2 cm. below the costal 
margins. Both kidneys were readily felt but 
were not considered to be enlarged. There was a 
moderate growth of axillary and pubic hair. 
The clitoris was of normal size and the vaginal 
mucous membrane appeared well estrogenized. 
The breasts revealed advanced pubescent de- 
velopment. Acne was present over the forehead 
and nose. A moderate degree of hypertrichosis 
was present, most marked over the extremities 
and the dorsal trunk. Bilateral pes cavus was 
noted. The sth digits were small and incurved 
and the middle fingers appeared disproportion- 
ately long. A 24 hour urinalysis for gonadotro- 
pins was positive at a level of £o units. 
Roentgen examination of the chest showed a 
definite asymmetry of the thorax (Fig. 1). The 
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right hemithorax was larger than the left. The 
right ribs were somewhat larger than the left 


and there was an increased caudal pitch to the 
left ribs. The right upper and lower extremities 
were larger and longer than the left (Fig. 2). 
There was an increase of soft tissue shadow on 
both right extremities compared to those of the 
left side. There was no appreciable difference in 
bone maturation between the two sides. The 
bone age at the hands and wrists corresponded 
to a chronolo; gic age of about 14 (Greulich and 
Pyle). This represented a definite advance in 
Osseous maturation for this patient. d sth 
digits were short and incurved (lig. 3). The 
middle phalanges of these fingers were QUERN 
plastic. Mil Id radial inclination of the distal ends 
of the ulnas was also noted. The pelvis was 
markedly asymmetric (Fig. 4). Both innomi- 
nate bones were small but the right was ob- 
viously larger than the left. There was bilateral 
pes cavus. The skull and spine did not show any 
appreciable asymmetry. 


Case n. The patient, a 15 year old white 
male, had been observed off and on over a 
peri od of 3 years because of hemihypertrophy. 
His birth weight had been 3 Ib., 6 oz. and 


definite asvmmetry between the two sides of 
his body had been noted since he was 5 weeks ot 





There is a significant ¢ 


Case r. 
the thorax. The right hem: thorax is larger than the 
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left. The caliber of the right ribs is shghtly larger 
than that of the left ribs and the left ribs akow an 
increased caudal pitch. 


symmetry of 


The Silver Syndrome 7t 





The right lower extremity is longer 
ind is slightly larger in caliber. The 
| 


Case I. 
than the left: 
soft tissues of the right thigh can be seen to b 
larger than those of the left. 


buceo x 


age. On this admission he appeared quite short 
in stature, The left side of the body was larger 
than the right. The left leg was 2 inches longer 
than the right and the left arm was $ inch 
longer than the ri ight. Both left extremities were 
larger in girth than those of the right. Both «th 
digits showed incurving of the distal ph: alanx 
with some bulbous enlargement of the distal 
soft tissues. 

There was an abnormality of the right foot 
associated with svndactylism. Areas of cate-au 
lait pigmentation were noted on the abdomen 
and back. The penis and testicles were unusu- 
ally small. The scrotal folds did not appear to 
be fully developed. The patient’s mentality was 
considered to be average for his age. 
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Fic. 3. Case 1. The middle phalanges of both sth fingers are hypoplastic with shortening and incurving of these 
digits. Osseous maturation is the same on both sides and is advanced for the patient’s chronologic age. 
Some radial inclination of the distal ulna is also noted bilaterally. 


Roentgen examination showed a deformity 
of the right big toe with an abnormality of 
growth of the proximal phalanx which resulted 
in medial deviation of the toe (Fig. 5}. This ap- 
peared to be due to early fusion of the medial 
portion of the epiphysis. The middle and distal 
phalanges of the sth toes appeared to be fused. 
The lesser toes were held in a flexed position. 
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The left upper and lower extremities. were 
larger and longer than the right. Both sth 
digits of the hands were curved. The incurving 
involved the shaft of the distal phalanx. The 
epiphyses of these distal phalanges on both 
sides were thicker than usual and thicker than 
those of the other distal phalanges. There was 
no hypoplasia of the middle phalanges. The ab. 
normality of the sth digits was classic. for 
Kirner's deformity (Fig. 6). The bone age at 
the hands and wrists was the same on both 
sides and corresponded to a chronologic age be- 
tween I4 and 1 4 (Greulich and Pyle). Roentgen 
examination of the hands and wrists at earlier 
ages (7 and 9 vears) was reported to have shown 
some retardation of maturation but this had 
apparently accelerated to a point where the 
bone age and chronologic age were about the 
same at the age of 15. 
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Fic. 4. Case r. There is a significant asymmetry of the 
the left with a resulting pelvic obliquity. A differ- 
ence in caliber between the upper femora can also 
be appreciated. 


Fx RES 
Vor. 97, No. I Ihe Silver Syndrome ; 
lic. g. Case ir. The right big toe is deviated medial! 
This is apparently the result of premature fusion 
of the medial portion of the epiphysis. The 2nd, 
3rd, and 4th toes are held in flexion and the middle 
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and distal phalanges of the sth toe are fused 
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DISCUSSION 

The patients described by Silver appear 
to belong to a larger category of “low birth 
weight dwarfism” or “intrauterine growth 
retardation” of undetermined origin. Nu- 
merous congenital stigmata and anomalies 
are found to be associated with this type of 
primordial small stature and such individ- 
uals have been variously classified by sev- 
eral authors, dependent upon certain domi- 
nant features which appear to set each 
group apart. Until more is known about the 
etiologic factors responsible for the growth 
retardation, however, the eponymic sub- 
categories are largely arbitrary. Thus, 


í* 


Russell has described a syndrome of “in- 








Vic. 6. Case m. The shafts of the distal phalanges of the sth fingers are curved radially and ventrally. The 
epiphyses of these phalanges are thicker than normal and are thicker than the epiphyses of the other distal 
phalanges. Associated with this osseous deformity is a bulbous swelling of the soft tissues about the de 
formed phalanges. The appearance is classic for Kirner's deformity. The bone age is the same on both sides. 
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trauterine dwarfism recognizable at birth 
with cranio-facial dyostosis, disproportion- 
ately short arms and other anomalies." Of 
5 children in his report, 2 presented con- 
genital asymmetry and have been included 
in Silver’s review as instances of the Silver 
syndrome. Bloom* has described a low 
birth weight type dwarf with congenital 
telangiectatic erythema resembling lupus 
erythematosus and Cockayne’ has reported 
a variety of dwarf with retinal atrophy and 
deafness. The terms “progeroid dwarf” and 
the "bird headed dwarf" have been em- 
ployed to describe congenital short stature 
with a facies suggestive of premature senil- 
ity with a prominent brow and nose and 
turned down corners of the mouth. 

Silver lists the manifestations of his 
syndrome as: significant asymmetry, short- 
ness of stature, small size despite being 
born at term, cafe-au-lait areas of pigmen- 
tation of the skin, unusually short sth 
fingers, triangular shape to the face, turned 
down corners of the mouth and syndacty- 
lism of the toes. Variation in the pattern of 
sexual development may include: elevated 
urinary gonadotropin or premature estro- 
genization of the vaginal or urethral mu- 
cosa or retarded skeletal age in relation to 
sexual development. It is to be noted that 
no one of the patients described in his re- 
view presented all of the above manifesta- 
tions. The stigmata of the syndrome may 
be divided into major and minor manifesta- 
tions however, and Silver?! is of the opinion 
that any child with three of the major 
manifestations definitely has the syndrome, 
particularly if there are one or more of the 
minor manifestations present (Table 1). 
Significant asymmetry was present in 78 
per cent of the patients and was variable in 
extent and degree. Shortness of stature was 
present in 93 per cent and usually was 
associated with low weight and small size at 
birth. Variation in the pattern of sexual 
development was present in only 34 per 
cent of the children. Urinary gonadotropins 
were elevated in 5 children prior to 9 years 
of age. Four of the children, all girls, exhib- 


ited clinical evidence of precocious sexual 
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TABLE I 


SILVER'S CRITERIA FOR THE SYNDROME 


Major Manifestations 


I. Shortness of stature 
2. Significant asymmetry 
3. Small size despite being born at term 
4. Variations in the pattern of sexual development 
a) Elevated urinary gonadotropins 
b) Early sexual development 
C) Premature estrogenization of urethral or 
vaginal mucosa 
d) Retarded bone age in relation to sexual de- 
velopment 


Minor Manifestations 


I. Short sth fingers 

2. Incurved sth fingers 

3. Triangular shape to face 

4. Turned-down corners of the mouth 

5. Cafe-au-lait areas of pigmentation of skin 
6. Syndactylism 


After Reister and Scherz. 4 


development. The so-called “shark mouth" 
with elevated philtrum and turned down 
corners was present in 62 per cent of the 
series. There was no sex or ethnic prepon- 
derance. No familial cases were found. 


ROENTGEN FEATURES 


The outstanding roentgen feature of this 
syndrome is hemihypertrophy. In most 
cases the so-called hypertrophy involves 
practically one entire side of the patient. In 
some cases, however, the hemihypertrophy 
may be segmental or partial, involving only 
the skull, the spine or an extremity. Review 
of the previously reported cases indicates 
that in some, atleast for a while, epiphyseal 
development is retarded on both sides. In 
others bilateral epiphyseal development 
has been normal for the patient's age. 
Rarely, epiphyseal development has been 
said to be retarded on the small side and 
normal on the large side and in at least 2 
cases osseous maturation has been reported 
as advanced. In several instances, however, 
no comment regarding bone age is offered 
and, in most cases where bone age is stated 
to be retarded, no information is presented 
to indicate how such an estimate was 
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achieved. On the basis of all available ma- 
terial pertinent to this subiect. there does 
not appear to be any consistent pattern of 
bone maturation, but more detailed roent- 
genographic study of patients with this 
syndrome in the future may alter this im- 
pression. It is worth noting that in Case 1 of 
this report there was no inconsistency 
between the pattern of sexual maturation 
and epiphyseal development. Both were 
advanced. It is also noteworthy that early 
retardation of bone maturation in Case 11 
was eventually overcome by the age of 15 
years. 

The hemihypertrophy is generally ob- 
served early in the patient's life, usually 
within the first few months. Soft tissue 
enlargement is present in addition to the 
increase in bone size. The etiology of hemi- 
hypertrophy is unknown, but it is generally 
considered to represent a developmental 
anomaly. The fact that the condition 1s 
often found in association with other con- 
genital anomalies adds credence to this 
view. Two patients with Silver's syndrome 
reported by Reister and Scherz“ have had 
chromosomal studies which revealed 46 
normal appearing chromosomes. These 
studies, however, were limited to the pe- 
ripheral blood leukocytes. On the other 
hand, Ferrier e al." have reported a case of 
congenital hemihypertrophy with features 
consistent with Silver's syndrome in which 
there was a diploid-triploid mosaicism. In 
this case there were diploid and triploid 
cells in the skin and fascia lata, while the 
bone marrow and peripheral leukocytes 
were diploid only. Ellis e? al’ have also 
reported a patient with congenital asym- 
metry associated with diploid-triploid mo- 
saicism. In their case too, triploid and 
diploid cells were found in the skin, but 
only diploid cells were recovered from the 
blood. It is significant that in both of the 
above mentioned cases diploid and triploid 
cells were found in equal proportions in 
skin from both sides of the body. Hook and 
Yunis? have recently described a patient 
with congenital asymmetry associated 
with trisomy 18 mosaicism. Cells with a 
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normal chromosome complement and cells 
with a trisomy 18 pattern were recovered 
from skin tissue, bone marrow and periph- 
eral blood from both sides of the body. 
These authors have suggested that the 
finding of mosaicism on both sides of the 
body in patients with congenital asymme- 
try may be due to embryonic migration of 
these mesenchymal cells across the midline 
after formation of an asymmetric fetus. At 
any rate, the possibility of chromosomal 
mosaicism should be more fully investi- 
gated in patients with congenital asymme- 
try with or without features of Silver's 
syndrome. 

Approximately 120 cases of congenital 
hemihypertrophy have been reported, most 
of them unrelated to intrauterine growth 
retardation. A significant association be- 
tween congenital hemihypertrophy and 
malignancy has been uncovered. Twelve 
cases demonstrating this association have 
been reported. Of these, 10 have had 
Wilms' tumors and of these 7 were on the 
hypertrophied side while 3 were on the 
contralateral side. The patients were be- 
tween I and 4 years of age when these tu- 
mors were discovered. In all cases the pa- 
tients had been examined because of their 
asymmetry before the tumors were noted. 
Benson eż 27? have reported that among a 
total of 6 children seen by them with hemi- 
hypertrophy not due to vascular malforma- 
tion or neurofibromatosis, Wilms' tumors 
developed in 4. Hutchinson! has described 
a patient with congenital hemihypertrophy 
with adrenal hyperplasia and Harwood and 
O'Flynn? have reported sexual precocity 
due to adrenal adenocarcinoma in a 6 year 
old boy with hemihypertrophy. Lewis and 
Geschickter? have reported a right sided 
suprarenal neuroblastoma in a 4 year old 
girl with ipsilateral hemihypertrophy. None 
of the reported cases of Silver's syndrome 
has been associated with malignancy. 

Short incurved sth fingers are a rela- 
tively consistent feature of the syndrome. 
Where there has been some comment re- 
garding the bones of these digits, a hypo- 
plasia of the middle phalanges has been 
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reported, such as illustrated in Case 1 of 
this report. In many cases, however, the 
description of the fingers has been purely 
clinical without any evaluation of the bone 
structure. It was surprising, therefore, to 
find in Case 11 a typical Kirner deformity. 
This deformity, first described by Kirner*? 
in 1927, also produces an incurved sth 
finger. Recent reports on this deformity 
have been made by Kaufmann and Tail- 
lard,” Taybi,? and Blank and Girdany. 
This abnormality is characterized by bilat- 
eral incurving of the distal phalanges of the 
sth fingers. The osseous deformity is,pre- 
ceded by a globular swelling of the soft 
tissues of the distal phalanx. The shaft of 
the terminal phalanx deviates radially and 
in the palmar direction. The epiphysis 
remains in the normal position but it is 
usually much thicker than normal. During 
development, the metaphysis of this pha- 
lanx is poorly defined and the epiphyseal 
line is widened. Fusion of the shaft with the 
epiphysis usually occurs at the normal 
time, but the shaft maintains its deviated 
position and the bulbous enlargement of 
the adjacent soft tissue persists. The de- 
formity may be familial. Blank and Gir- 
dany? have described 7 cases in 3 genera- 
tions of one family. 

Other less frequent and less character- 
istic skeletal abnormalities have been men- 
tioned as occurring in some cases of the 
syndrome. These include poorly formed 
thoracic vertebrae which differ from those 
seen in the ordinary type of hemivertebra, 
surface irregularities of the lumbar verte- 
brae, hypoplasia of various phalanges and 
hypoplasia of the sacrum and coccyx. 


SUMMARY 


I. Two cases of the Silver syndrome are 
reported. The major characteristics of this 
syndrome are shortness of stature, signifi- 
cant asymmetry, small size at birth despite 
being born at term and variations in the 
pattern of sexual development. Minor 
manifestations include short incurved sth 
fingers, triangular shape to the face, turned- 
down corners of the mouth, cafe-au-lait 
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areas of pigmentation of the skin and 
syndactylism. 

2. The most consistent roentgen features 
are congenital hemihypertrophy and hypo- 
plasia of the middle phalanx of the sth 
fingers. One case is reported in which there 
was a Kirner's deformity of the sth fingers. 
Other less frequent skeletal abnormalities 
which have been noted in some cases are 
mentioned. 

3. The syndrome may be considered one 
category of low birth weight dwarfism with 
special congenital stigmata which set it 
apart from other varieties of intrauterine 
dwarfism. 


John E. Moseley, M.D. 
Department of Radiology 
The Mount Sinai Hospital 
New York 29, New York 
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THE ROENTGENOGRAPHIC MANIFESTATIONS OF 
THE RUBELLA SYNDROME IN NEWBORN 
INFANTS* 


By EDWARD B. SINGLETON, M.D., ARNOLD J. RUDOLPH, M.B.B. Cn., 
HARVEY S. ROSENBERG, M.D., and DON B. SINGER, M.D. 


HOUSTON, TEXAS 


1^ THE spring of 1964 a severe rubella 
epidemic occurred in Houston, Texas, 
and in a number of other large communities 
in the United States, Infants born of moth- 
ers who had rubella in the first trimester of 
pregnancy during this virulent epidemic 
had several unusual findings, consisting of 
growth retardation, hepatosplenomegaly, 
thrombocytopenic purpura, large anterior 
fontanel and peculiar osseous lesions, in 
addition to congenital heart disease, eye 
defects, and deafness. Although deafness, 
congenital cataracts and cardiac anomalies 
have been recognized as prenatal manifes- 
tations of rubella?* for a number of years, 
the clinical syndrome seen in this group of 
patients is unique. 

Of special interest to the radiologist are 
the osseous abnormalities which accom- 
pany this rubella infection. In September, 
1964, Dr. Reilly? reported 3 infants with 
unexplained osseous lesions to the Society 
for Pediatric Radiology. Although the as- 
sociation of these lesions with maternal 
rubella was not appreciated; in retrospect, 
this was the first scientific report of bone 
changes with rubella. The first published 
account of lesions of rubella infection dem- 
onstrating osseous detects was that re- 
ported by Rudolph eż a/.“ and this in turn 
was followed by sporadic reports of similar 
bone lesions.5:939/! In one of these reports, 
unexplained fractures of the humerus were 
mentioned’ and in another attention was 
caled to the poor mineralization of the 
calvarium.? Because of the virtually pa- 
thognomonic appearance of the bone lesions 
in infants with the rubella syndrome, a 
more detailed report covering a large num- 


ber of cases is of value in more firmly es- 
tablishing the roentgenographic features of 
not only the osseous abnormalities but 
other radiologically detectable lesions 
which accompany this condition. 

A complete discussion of the clinical 
findings of 81 infants reviewed in this 
study has been previously published. 


CLINICAL FINDINGS 


Clinically, these infants are divided into 
3 groups (Table 1). Group 1m comprises in- 
fants with the usual expected rubella 
sequelae, including congenital heart disease 
and congenital cataracts. Group I consists 
of the "expanded rubella syndrome" found 
in most of the infants on whom the present 
interest is centered. This group includes 
those infants with a positive maternal his- 
tory of rubella and the usual rubella defects 
of cataracts and heart anomalies, as well 
as the additional features of growth re- 
tardation, thrombocytopenic purpura, 


TABLE I 


CLINICAL CLASSIFICATION OF CONGENITAL 
RUBELLA SYNDROME 





I Positive history of maternal rubella mani- 
festations of the "expanded" rubella 
syndrome (intrauterine growth retar- 
dation, purpura and thrombocytopenia, 
hepatosplenomegaly, bone changes, full 
fontanel, cardiac defects and eye de- 
fects) 

Group II Congenital cardiac and eye defects asso- 
ciated with a positive or negative his- 
tory of maternal rubella 

Group III Positive history of maternal rubella with 

a presumably normal baby 


Group 





* From the Departments of Radiology, Pediatrics and Pathology, Texas Children's Hospital, Baylor University College of Medicine, 
and the Newborn Service, Jefferson Davis Hospital, Houston, Texas. 
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TABLE II 


CLINICAL FINDINGS IN ĜI INFANTS WITH CONGENITAL RUBELLA SYNDROME 








Group I Group II Group III 
“Expanded” Classical History of Maternal 
Rubella Rubella Rubella—Presumably 
Syndrome Syndrome Normal Baby 
No. of Infants 34 a9 IO 
Males 26 23 7 
Females 8 I4 3 
Mean Gestational Age (wk.) 40.1 39.8 39.8 
Mean Birth Weight (gm.) 2,178 2,533 3.525 
Purpura 7895 Oo Oo 
Thrombocytopenia (< 140,000) 100% o O 
Hepatomegaly 85% 81% 20% 
Splenomegaly 76% 62% 10% 
Cardiac Defects 18% 86% © 
Eye Defects 4195 £495 o 
Full Fontanel 69% 43% o 
Mortality Rate 32% 8% O 


hepatosplenomegaly, a full fontanel and 
bone defects detected by roentgenographic 
examination. Group 111 includes normal 
infants who have a positive maternal his- 
tory of rubella. 

The clinical findings in 81 infants with 
the congenital rubella syndrome are listed 
in Table ri. In Group 1 the male patients 
outnumbered the female by a ratio of more 
than 3-1, and although the mean birth 
rate of the Group 1 infants suggested pre- 
maturity, the mean gestational age was 
essentially normal. This combination of 
normal gestational time and a low birth 
weight indicates intrauterine growth re- 
tardation or fetal malnutrition. 

The purpuric lesions evident at delivery 
were seen in all of the Group I infants and 
in none of the other groups. The lesions 
were distributed generally over the body, 
but were especially pronounced on the face. 
Thrombocytopenia was responsible for the 
purpura, the platelet counts being less than 
140,000 in all cases. The purpura and 
thrombocytopenia cleared rapidly within 
I to 2 weeks and did not recur. 

Central nervous system involvement 
was manifested in many of the infants of 
both Groups 1 and u by the presence of a 
full anterior fontanel, pleocytosis, increased 


protein content of the cerebral spinal fluid 
and abnormal electroencephalograms. 

The mortality rate in the Group 1 infants 
has been especially high, the infants de- 
veloping poorly both nutritionally and 
neurologically. 

Positive viral cultures have been ob- 
tained from the throat, stool, urine, blood, 
cerebral spinal fluid and bone marrow spec- 
imens.!^ Viral isolation has been highest in 
the Group 1 infants, and less frequent in 
Group 11. Fifty per cent of the Group 1u 
infants have had positive viral cultures. 
Since most of these infants continue to ex- 
crete virus after birth, there is the constant 
danger of infection developing in other 
infants in the nursery, as well as in the 
personnel handling of the infant. In addi- 
tion, the likelihood of further damage to the 
tissues of these infants occurring from their 
continual infection is to be considered. 


ROENTGENOGRAPHIC FEATURES 


The positive roentgenographic features 
of the expanded rubella syndrome are found 
in the skull, heart and the long bones of 
upper and lower extremities." The roent- 
genographic features in the long bones are 
especially interesting and in our opinion, 
pathognomonic, especially when specific 
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Fic. 1. One day old male infant with maternal his- 


tory of rubella, Longitudinal areas of radiolucency 


and increased. density occupy. the metaphyses of 
the lower extremity. The provisional zones of 
calcification are poorly mineral 


\ ized and are irregu- 
lar. 








lic. 3. Two day old female with maternal history of 


rubella. The growth plates ar 





g extremelv irregular 
and poorly mineralized. Longitudinal areas of 





radioluceney occupy the metaph yses. 

















e 
s 


Fie. 2. One day old male infant with maternal his 
tory of rubella. Alteration of trabecular pattern of 
the metaphyses characteristic of the rubella syn- 
drome is present. 
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changes ave present. In the newborn these 
changes consist of a poorly defined provi- 
sional zone of calcification and coarsening 
of the metaphyseal trabeculae with longi- 
tudinal areas of radiolucency and sclerosis. 
All of the metaphyseal areas are involved 
but are especially prominent at the proxi- 
mal tibial and distal femoral metaphvses 
(Fig. 1, 2, 3, 4 and 5). The shafts of the 


bones are essentially normal. If the infant 
survives and grows satisfactorily, the meta- 
physeal trabecular pattern returns to nor- 
mal and concomitant with this the provi- 
sional of calcification show an 
increase in density and smoothness. The 


ZONES 


bone changes appear to correlate closelv 
with the clinical well-being of the infant. In 
those infants who thrive and maintain nor- 





Fic. 4. One day olg female with maternal history af 
rubella, Enlargement of knee roentgenogram 
shows to better advantage the caaracteristic longi- 
tudinal areas of radiolucency and increased bone 
density. 
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hac. 5. Upper extremity of “rubella baby" showing 
alteration of the trabecular pattern of the proximal 
humeral metaphysis. 


turbance lines (Fig. 6, Zand B). Follow-up 
roentgenographic studies of many rubell; 
babies who have not shown normal devel- 
opment have disclosed variations in the 
roentgenographic pattern. In many of tl 

infants, there is persistence of the irregular 


growth plate and altered trabeculation of 
the metaphvses but the provisional zones 


of calcification become dense and may even 


be unusually thick and sclerotic (Fig. 7 and 
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Fic. 6 


Rosenberg 


. Osseous changes with growth in infant who did well clinically. 


g and Singer 


Mav, 1956 





T) September 27, 1904. At 2 weeks of 


age "x iracteristic rubella changes in the metaphyses of the knees are present. ( B) November 10, 1964. Two 
months later there has been nearly complete restoration of normal bone. 





8). Nonspecific changes may also develop, 
but, as a rule, are presen: after the neonatal 
period, These consist of metaphyseal bands 
of radiolucency parallel to the growth 
plates similar to those seen in intants with 
erythroblastosis fetalis, congenital syphilis, 


and in infants wie fail to thrive because of 


a number of other conditions (Fig. 9). 





Small metaphyseal beak-like projections 
may develop during healing and are most 
pronounced at the medial aspect of the 
distal femoral metaphysis (Fig. 10). 

All of these o occurred with 
greater frequency in the Gi a I infants 
and were absent in Group HI. 

Roentgenograms of the skull showed 
remarkably large anterior fontanel in a 
majority of infants in Group 1, and to a 
lesser extent in Group H infants. The ante- 
rior portion of the anterior fontanel in these 
infants extended well into the frontal bone 
and involved the metopic suture (lig. 11, 


feed 
[rend dn 
wA SN 


Vic. 7. Late osseous changes. Six month old female 
infant with maternal history of rubella. Sclerotic 
and irregular changes affecting the metaphyses of 
the knees have developed in an infant whose clini- 
cal development has been poor. (Courtesy of Dr. 
Guido Currarino.) 
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Fic. 8, Ten month old infant with maternal history 
of rubella. Sclerotic irregular changes affecting the 
radial and ulnar growth plates are demonstrated. 


A and B). Suture separation was not a con- 
stant feature, but irregular mineralization 
of the cranial vault in the region of the 
sutures was CE seen. 

: eart disease commonly oc- 
curs in WS whose mothers have had 





Fic. 9. Nonspecific radiolucent bands are seen in the 
distal femoral and proximal tibial metaph vses with 
some residual alteration of the trabecular pattern, 
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Fic. to. Two month old female infant with maternal 


history of rubella. Trabecular pattern shows mild 
persistent changes and there is ME € beaking 


of the distal femoral metaph vses, 


rubella during the first trimester of their 
pregnancy. The most common anomaly 
associated with rubella is patent ductus 
arteriosus’ (Fig. 12, 4 and B). This was 
also true in the infants included in this re- 
view, but a second common lesion was 2 at 


of pulmonary artery branch stenosis? 9.75 


(Fig. 13, 4 and B). Twenty-seven of de 
rubella ı patients in this review had patent 


ductus arteriosus and 26 had pulmonary 
valvular and/or pulmonary artery branch 
stenoses. A more detailed account of the 
cardiac lesions in these infants is to be 


published.” 
PATHOLOGIC FINDINGS 


An understanding of the normal process 
of endochondral bone formation is neces- 
sary to appreciate the nature of the changes 
which occur in the rubella fetus. At the line 
of ossification, the cartilage is arbitrarily 
divided into several zones, the first being 
the zone of resting cartilage cells. Extend- 
ing toward the line of ossification, a second 
zone of proliferating cells is encountered 
and in this zone irregular clusters of carti- 
lage cells occupy the lacunae. Toward the 
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Fic. 11. Skull changes in the rubella syndrome. (4) Lateral roentgenogram shows anterior extension of the 
large anterior fontanel (arrow), as well as prominent sutures and poor mineralization of the calvarium. (5) 
Frontal roentgenogram shows the forward anterior extension of the anterior fontanel to better advantage. 


line of ossification, the proliferating cells 
progress into the zone of mature cartilage 
cells which lie in orderly columns. Individ- 
ual lacunae are separated by thin strands 
of matrix and the columns by a slightly 
thicker matrix. Bone formation begins with 
calcification of the hyaline matrix between 
the cartilage cells which is followed by 
death of these cells. This in turn is followed 
by capillary penetration from the marrow 
space into the column of mature cells, 
leaving a thin layer of acellular cartilage 


between the adjacent columns. With the 
capillary invasion, osteoblasts proliferate 
and deposit osteoid around the cartilage 
columns to form spicules which ultimately 
form the trabeculae of cancellous bone. 

Considerable variation in the intensity 
of bone formation occurs in the infant with 
transplacental rubella infection. The rib 
and distal femur show pronounced involve- 
ment while the proximal femur shows little 
change. 

Histologically, there are several obvious 





Fic. 12. One day old male infant with maternal history of rubella. (4) The heart is slightly enlarged and the 
pulmonary arterial vessels are increased. (B) Angiocardiogram shows injection of contrast medium into the 
left ventricle with opacification of the aortic arch and pulmonary artery via patent ductus arteriosus. 
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Fic. 13. Pulmonary branch stenosis. Six and one-half month old female with maternal history of rubella. (4) 
Angiocardiogram shows mild stenosis of the right pulmonary artery. (B) Lateral study shows evidence of 


supravalvular pulmonary artery stenosis. 


variations which occur in the bone forma- 
tion of the rubella fetus (Fig. 14). These 
are: (1) irregular capillary penetration of 
the zone of mature cartilage; (2) intense 
osteoblastic activitv; (3) poor deposition of 
osteoid; (4) distorted orientation of the 
bone spicules; and (5) inadequate calcifica- 
tion of the osteoid spicules. Mthough there 
is intense osteoblastic activity, deposits of 
osteoid are decreased and the hyaline baso- 
philic cartilage persists as small irregular 
islands into the metaphysis. Progressing 
further into the metaphysis, much more 
osteoid is deposited and the cartilage 1s less 
prominent. Adjacent to the line of ossifica- 
tion, multiple, poorly calcined, fragments 
of acellular cartilage and osteoid are pres- 
ent which correspond to the longitudinal 
areas of radiolucency seen in the metaph- 
vses on roentgenograms. 





»»—- 


lG. 14. At the line of ossification, there is only slight 
variation in depth of the mature cartilage cell 
layer. The islands of cartilage are large and are 
surrounded by a dense osteoblastic layer. In the 
narrow space (at the top of the photomicrograph), 
the orientation of osteoid islands is distorted. One 
spicule lies parallel to the line of ossification rather 
than in the normal perpencicular orientation 
(hematoxylin-eosin, 64X). 





DISCUSSION 


It has been generally assumed that ma- 
ternal rubella resulted in fetal damage at 
critical periods of organogenesis during the 
first trimester of pregnancy. Whether the 
clinical and roentgenographic findings pre- 


gO 


sented in this report are the result of some 
alteration in the structure or virulence of 
the rubella virus which allows it to induce 
changes other than the previously recog- 
nized congenital defects is unknown. How- 
ever, because of the contagious nature of 
the infant, as well as the isolation of the 
virus from their stools, urine, cerebral spi- 
nal fluid and bone marrow, there is room 
for speculation regarding a different host- 
viral relationship than existed on other 
rubella infections. It is not known how long 
these infants will excrete the virus or what 
developmental changes may occur during 
the postnatal period. 

The roentgenographic features affecting 
the long bones seen in the newborn are of 
special interest to the radiologist because 
of their pathognomonic appearance. The 
characteristic roentgenographic appearance 
provides diagnostic criteria even in the 
absence of a positive history of maternal 
rubella. Although the changes at the 
growth plate may suggest congenital syph- 
ilis, there is no evidence of periosteal reac- 
tion. Alkaline hypophosphatasia may be 
included in the differential diagnosis but 
the roentgenographic changes are not sim- 
ilar. The localization of the abnormality to 
the metaphyses with normal diaphyses sug- 
gests that the effect on the skeleton occurs 
later in pregnancy than the first trimester. 
On the other hand, because healing of the 
lesions usually occurs quickly in those in- 
fants who have follow-up studies, it is 
conceivable that earlier in fetal life the 
shafts of the bones, which then represented 
the metaphyseal areas, were affected but 
had regained normal structure as intrau- 
terine growth proceeded. Histologic speci- 
mens of the metaphyseal regions do not 
show evidence of osteitis and, consequently, 
it is impossible to assume that the osseous 
changes are the direct result of the rubella 
virus. The changes may well be the result 
of placental insufficiency or reflect some 
nutritional disturbance on the growing 
bone which is more severe or effective in the 
later weeks of intrauterine development. 
Roentgenographic changes in the long 
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bones in cytomegalic inclusion disease," as 
well as in other viral infections,’ have been 
reported but not confirmed. 

Black-Schaffer! described long bone 
changes in a premature infant whose 
mother had severe cyanotic cardiovascular 
abnormalities. The histologic picture of 
this infant’s long bones was similar to the 
rubella baby, and he suggested that the 
bone lesions resembled the changes as- 
cribed to experimental inanition and that 
intrauterine hypoxia may have produced 
the changes. 

In all probability, the roentgenographic 
findings of the long bones of all the babies 
having the rubella syndrome are identical 
in the neonate and in those infants who 
thrive, and there is regression of the lesions 
with restoration of normal bone after 1 or 
2 months. However, in those infants who 
do not grow and develop satisfactorily, the 
altered trabecular pattern persists and 1s 
commonly accompanied by a thick sclerotic 
zone of provisional calcification, deposited 
irregularly along the irregular growth plate. 
Another change which is nonspecific is that 
of radiolucent bands paralleling the growth 
plate. These bands are seen in erythroblas- 
tosis fetalis and in congenital syphilis, and 
probably reflect an alteration in normal 
cellular activity. This appearance has not 
been seen in the rubella baby during the 
first few days of life. Another nonspecific 
change is that of beak formations at the 
metaphyseal edges. This is not specific for 
the rubella babies but represents alteration 
in the epiphyseal line at the periosteal at- 
tachment. 

The large anterior fontanel seen in the 
rubella baby is also probably a reflection 
of disturbed bone growth on a nutritional 
basis and is not thought to represent an 
inflammatory lesion of the calvarium. 

Patent ductus arteriosus and peripheral 
pulmonary artery stenosis have been the 
most common cardiac lesions in this group 
of rubella babies. The cardiac defects have 
been repaired in a number of these babies 
and their postoperative recovery has been 
uneventful. 
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SUMMARY 


During the past year, a large number of 
newborn infants whose mothers had rubella 
during the first trimester of pregnancy has 
been observed and unique clinical and 
roentgenographic features have been noted. 
The clinical features consist of growth re- 
tardation, thrombocytopenia purpura, 
hepatosplenomegaly, a large anterior fon- 
tanel, congenital heart disease, eye defects 
and deafness. The unique roentgenographic 
features, which we feel are pathognomonic 
of the rubella syndrome, consist of irregu- 
larity and poor mineralization of the growth 
plate, as well as an altered trabecular pat- 
tern of the metaphyses of the long bones, 
particularly at the distal femoral and prox- 
imal tibial areas. These osseous abnormal- 
ities rapidly disappear in those infants who 
grow normally but show persistence and 
even alteration in those who do not thrive. 


Edward B. Singleton, M.D. 

Department of Roentgenology 

St. Luke’s and Texas Children’s Hospitals 
6621 Fannin Street 

Houston 25, Texas 
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RUBELLA EMBRYOPATHY* 
ROENTGENOLOGIC FEATURES 


By HUGH J. WILLIAMS, M.D., and LEWIS S. CAREY, M.D. 


ST. PAUL, MINNESOTA 


(. v in 1941, first reported the re- 
lationship between maternal rubella 
in early pregnancy and congenital cata- 
racts. Subsequent authors, including Swan 
et al described additional congenital de- 
fects attributable to rubella, notably car- 
diac malformations, microcephaly and deaf 
mutism. Wesselhoeft,*? in 1947, reported a 
statistical analysis of 521 cases from the 
literature and concluded that the common- 
est sequelae of maternal rubella were deaf- 
ness, eye defects and cardiac malformations 
and that the frequency of these anomalies 
was approximately equal. Microcephaly, 
mental retardation and dental defects oc- 
curred less commonly. 

These retrospective studies suggested 
that the incidence of congenital defects fol- 
lowing maternal rubella was extremely 
high. In fact, Wesselhoeft's analysis of a 
series of 49 cases of maternal rubella re- 
ported by Swan showed that the incidence 
of congenital defects was 100 per cent if 
rubella was contracted during the first 2 
months of pregnancy. In contrast, recent 
prospective studies by Manson et a/.!® in 
1960, Pitt”? in 1961, Lundstróm!? in 1962, 
and Tartakow?' in 1965, provided a more 
accurate appraisal of the frequency of con- 
genital defects. On the basis of these studies 
the over-all incidence of incapacitating con- 
genital defects as a result of maternal ru- 
bella has been estimated at 10 per cent. In 
addition, these later studies also suggested 
that there is a definite epidemiologic factor 
involved—the incidence of congenital de- 
fects being higher during epidemics of 
rubella than in sporadic cases. The impact 
of the more recent studies is reflected in the 
following statements concerning the ad- 
visability of abortion. In 1947, Wessel- 
hoeft? wrote; “The cumulated factual 


evidence presents a challenge to the exist- 
ing law relative to therapeutic abortion. 
Although further investigations are needed 
to determine the accuracy of the evidence, 
it is certainly sufficient to warrant con- 
sideration of another amendment to grant 
permission for surgical interference after an 
attack of rubella.” 

In 1951, Swan?! wrote: “On this basis 
(present statistics) it would appear ethical 
to subject every woman who contracts the 
disease during the first four months of 
pregnancy to therapeutic abortion.” 

In 1961, however, Pitt? wrote... 
“medical opinion now emphasizes that it is 
the duty of the doctors to treat the rubella- 
affected child, and not to terminate its 
life.” In 1962, Lundstróm!? in the same 
vein concluded ... “‘maternal rubella per 
se does not constitute an indication for 
legal abortion and pregnancies should be 
terminated only when additional factors 
weigh heavily in the balance.” 

The recent preliminary communication 
by Rudolph eż al. prompted our interest 
in this subject. They reported additional 
findings in 25 infants, including unusual 
long bone changes, runting, purpura, 
thrombocytopenia and  hepatospleno- 
megaly. In their experience the incidence of 
cardiac malformations and osseous changes 
exceeded 60 per cent in infants born ot 
mothers who contracted rubella in the first 
trimester of pregnancy during the virulent 
epidemic in the spring and summer of 1964. 

The affected newborn can harbor the 
viable virus up to 18 weeks of age. Thus, 
from a practical standpoint, it is important 
to make the diagnosis early. Precautionary 
measures can then be taken to prevent any 
unwittingexposure of pregnant hospital per- 
sonnel to such an infant. The “measles 


* From the Departments of Radiology, St. Joseph's Hospital and Childrens Hospital, St. Paul, Minnesota, 
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(A) radiolucent and dense 


Alternating 
longitudinal metaphyseal striations produce a 


lc. L 


“celery-stick” appearance in the femoral meta- 
physes of this Seek old female with rubella em- 
brvopatay. Note failure of normal modelling and 
diminutive distal femoral ossification center, (5) 
At the age of 8 weeks, spontaneous healing of the 
metaphyseal strations is demonstrated. Abnor- 
mally dense texture and failure of metaphyseal 
tubulation indicate abnormal endochondral bone 
formaticn. 


minded” radiologist may be afforded the 
opporturitv to provide the first hint of the 
likely diagnosis. 

Because of the current widespread epi- 
demic of rubella in this country and the 
frequency of associated roentgenolo OgIC 
findings, it is imperative that every radi- 
ologist D: familiar with the roentgenologic 


features of rubella embryopathy. This 
paper deals with 7 such recently encoun- 


tered Cases. 
SKELETAL FINDINGS 


Bone involvement was reported in 60 
per cent of infants with congenital rubella 
syndrome by Rudolph e£ 47? The skeletal 
findings in ovr cases varied from minimal 
to marked. The principal changes occurred 
in the metaphvses ot the long bones, par- 
ticularly the distal femurs, and consisted of 
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alternating dense and radiolucent longi- 
tudinal striations (Fig. 1.7). These produce 
a celerv-stick appearance in the affected 
metaphyses. Similar, but less marked, 
changes were noted in the anterior ends of 
the ribs in 1 patient, Failure of the normal 
modelling process resulted in Haring of the 
involved metaphvses. In 1 of our cases it 
produced generalized enlargement of the 
ribs and clavicles. Skeletal retardation mav 
be manifested by absent or diminutive 
knee ossification centers at birth in full 
term infants and is probably secondary to 
the generalized growth retardation 
portedlv present in 8o per cent of cases.” 
Periosteal proliferation was not observed 
in anv of the affected long bones. 
Microceph alv occurs in some cases with 

mental retardation and mav not be appar- 
ent in the first months of life. The pneumo- 
encephalogram obtained in 1 of our infants 
with microcephaly and neurologic deficit 
demonstrated generalized cerebral atrophy 
(Fig. 2). Alt Ithough this case has not been 
followed for a long period by serial skull 
roentgenograms, pou closure of pus 


re- 


The dec] jen healed ee ME 
with a disappearance of the longitudinal 
metaphyseal striations. Irregular areas of 
sclerosis, however, persisted in the previ- 
ously involved metaphvses for a variable 
period (Fig. 18). As growth occurred these 
dense areas migrated toward the diaphvsis 
but remained visible. In t newborn intant 
onlv minimal residual striations were pres- 
ent in the more severely affected meta- 
phvses, while sclerosis was already present 
in other metaphyses, indicating that heal- 
ing in them had already begun prior to birth. 

We have not observed identical skeletal 
lesions in anv other condition and believe 
that in most cases the combination of the 
characteristic bone findings and the history 


of maternal rubella should dictate the 
diagnosis of rubella embrvopathy. In 


atypical cases or where the history of 
maternal rubella is uncertain, appropriate 
further studies may be necessary to ex- 
clude congenital syphilis, hypophospha- 
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Fic. 2. Pneumoencephalogram of the infant shown 
in Figure 1, 4 and B shows cerebral hypoplasia 
and a mild degree of microcephaly. 


tasla, metaphyseal dysostosis and rickets, 
although it is emphasized that seldom 
should any of these diseases pose a difficult 
problem in differentiation. from rubella 
osteopathy. 


CARDIOVASCULAR FINDINGS 
The cardiac malformations in 3 of the 
patients (aged 2 weeks, 1 month and 4 
years respectively) were defined by angio- 
cardiographv. The diagnostic approach in 
each case was similar. Under local anes- 
thesia a transverse incision was made in the 
right cubital fossa and the right brachial 
artery was isolated immediately beneath 
the biceps expansion. The artery was 
opened and the tip of an angiocardio- 
graphic catheter was inserted and advanced 
into the ascending aorta. Contrast material 
was injected and films were exposed in two 
planes at the rate of 8, 4, 4, 2, 2 per second 
for § seconds. Following this, the catheter 
was removed and the opening in the brachial 
artery was closed with 6-0 vascular silk. 
In 1 patient, following the aortogram, the 
tip of the catheter was advanced into the 
left ventricle and contrast material was 
injected to investigate the possibility of an 
associated ventricular septal defect. 
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Each patient showed the presence of a 
patent ductus arteriosus. In addition, 1 
patient showed a stenosis of the left 
pulmonary artery at its origin and 2 pa- 
tients exhibited pulmonary insufficiency. 


PULMONARY FINDINGS 

One of the 7 infants studied had diffuse 
bilateral interstitial infiltrates which had 
progressed slightly over a 2 month period 
(Fig. 5). Despite marked respiratory dis- 
tress, when removed from oxygen, the baby 
had no auscultatory findings. Because 
Pneumocystis Carini: was suspected clin- 
ically and roentgenologically, lung biopsy 
was performed. This revealed an inter- 
stitial infiltrate consistent with viral pneu- 
monitis. In the 6 weeks since lung biopsy, 
the respiratory distress has markedlv de- 
creased and the pulmonary infiltrates have 
slowly but incompletely resolved. The os- 
teopathy of the femurs and tibias (Fig. 6, .7 
and Æ) also present in this infant showed 
signs of healing concomitantly. 


DISCUSSION 


Inasmuch as the metaphyseal long bone 
changes are rather characteristic and mea- 
sles epidemics are common, the question 
arises as to why the above association has 
not been previously noted. While possible, 
it seems unlikely that such unusual skeletal 
changes would not have been observed bv 
roentgenologists or, 17 observed, mistakenlv 
relegated to some other category. The 
frequency of the assaciated skeletal lesions 
during the present rubella epidemic mav 
indicate that the causative virus is of a 
more virulent type than usually encoun- 
tered and, therefore, productive of an un- 
usually severe form of rubella. Rapid pas- 
sage of a virus through experimental ani- 
mals increases its virulence. It is possible 
that accelerated transmission of the rubella 
virus in the current epidemic of almost 
pandemic proportions has evolved an un- 
usually virulent strain. 

The mechanism responsible for the 
skeletal changes is unknown and several 
possibilities exist. Transplacental trans- 








mission of the virus is known to occur? and 
direct 1nvasion of the skeletal svstem could 
produce the roentgenologic findings. How- 
ever, the infrequencv of viral infections of 
bone, the lack of periosteal proliferation, 
the absence of anv systemic manifesta- 
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tions of osteomvelitis and the spontaneous 
healing make this explanation unlikely. The 


most feasible causative mechanism is a 
alteration in the normal endochondral bone 


n 


$ 


formation; this is probably a reflection of 
the generalized retardation which is pres- 





Fic. 3. Male, aged 4 vears. (4) Frontal roentgeno- 


gram of thorax showing prominence of upper 
left cardiac margin (arrow) due to poststenotic 
dilatation of left pulmonary artery. (B) Selec 
tive left frontal ventriculogram showing steno- 
is (arrow) of ongin of left pulmonary artery. 
(C) Lateral view showing site of patent ductus 
arteriosus (D.A.),. Contrast material fills the 
pulmonary trunk, outlines the pulmonary valve 
(P.V) and passes retrograde across the valve 
indicating the presence of pulmonary insuth- 
ney (arrow), 
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Fic. 4. Male, aged 1 month. Selective lateral thoracic 


aortcgram showing patent ductus arteriosus 
(D.A) and pulmonary insufficiency (arrow), 
P.V.= pulmonary valve; A.V. aortic valve; A. = 
aorta. 


ent and also responsible for the runting 
found in many of these infants. The con- 
clusion of Engeset e al." that the principal 
bone changes in infantile svphilis were due 
to deviations in the normal growth process 
rather than to the formation of specific 
granulation tissue in the affected bones 
supports this concept. 

Inasmuch as the rubella virus has been 
cultured from the products of conception, 
it is conceivable that viral placentitis 
could occur and result in placental insuffi- 
clency with secondary growth retardation, 
so prevalent in these infants. The rapid 
and spontaneous healing of skeletal lesions 
in the postnatal period, when nutrition is 
no longer dependent cn the placenta, is 
supportive evidence for this etiologic pos- 
sibility. 

Rubella virus is recoverable from the 
throat washings and urine of infants with 
rubella embrvopathy at birth and for varv- 
ing periods thereafter.) The development 
of typical rubella in 1 of the nurses caring 
for an infant with rubella embrvopathy? 
indicates that some of these affected in- 
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fants are capable of transmitting the virus 
in viable form. Isolation of such an infant 
from pregnant personnel in the obstetrical 
and nursery departments is thus advisable. 
Similarly, it 1s also advisable to isolate the 
infant born to the mother with a classic 
history of rubella during the first trimester 
of pregnancy. However, some cases of 
rubella are clinically atypical and in mild 
form may be difficult to distinguish from 
the exanthemas secondarv to other causes, 
including infectious mononucleosis, Echo 
and Coxackie viruses. Until such a time as 
the recently developed diagnostic test for 
rubella infection becomes generally avail- 
able, it remains impossible to determine 
with certainty whether the rubella virus is 
responsible tor the cEnical findings of rash, 
fever and lymphadenopathy in some women 
in the first trimester of pregnancy. The 
shght fetal risk entailed in obtaining a 
roentgenogram of the maternal abdomen 
during the last month of pregnancy may 
be more than offset by the potential value 
of demonstrating the skeletal lesions of 





Fic. 5. Male, aged 3 months. Slowly progressive, 
diffuse interstitial pneumonitis proven by lung 
biopsy. Note healed phase of rubella osteopathy in 
both upper humeral metaphyses. Anterior ends of 
the ribs demonstrate lack of tubulation. 
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rubella in an affected fetus. Such positive 
knowledze prior to delivery would enable 
proper advance precautions to be taken. 
The high incidence of cardiac malforma- 
tions in. newborn infants with rubella 
embrvopathy is well documented. The most 
common anomalies encou untered are patent 
ductus arteriosus and;« r pulmonary ste- 
nosis, either at the lev ^ of the pulmonary 
valve or within the pulmonary trunk and 
its branches. Gibson and Lewis" described 
17 cases of rubella cardiac malformations 
of which 14 showed a patent ductus arterio- 
sus. Rowe” reported 31 infants with rubella 
cardiac anomalies. Twenty-two had a pat- 
ent ductus arteriosus either as an isolated 
lesion (in 16) or in association with an 
additional cardiac malformation (in 6). 
Seven infants were shown to have stenosis 
of the central and/or peripheral pulmonary 


vessels. Emmanouilides et alè demon- 
strated the presence of unilateral Or “bie 


lateral pulmonary artery stenosis in g of 
14 patients with a patent ductus arteriosus 
and a history of maternal rubella. Five of 
the 14 patients also showed an associated 
stenosis of the pulmonary valve. Three of 
our patients were studied bv angiocardiog- 
raphy and each showed a patent ductus 
arteriosus. In addition, 1 infant had an 
associated stenosis of the origin of the 
left pulmonary artery (Fig. 3, -7, B and 
C). Two patients showed the rs of 
pulmonary valvular insufficiency (Fig. 4). 
Collective experience In our community 
suggests that pulmonary valvular in- 
sufficiency is more common than hitherto 
suspected and may be demonstrated by 
selective thoracic aortography in the pres- 
ence of a patent ductus arteriosus. When 
contrast material 1s delivered selectively by 
a catheter tip positioned in the ascending 
aorta, films exposed at the rate of 8/sec. 


during the first second will usually show 
clear definition of the ductus and the 


pulmonary trunk and its branches. In this 
way, the pulmonary vessels may be eval- 
uated for the presence of stenotic lesions 
and any existing insufficiency of the pul- 
monary valve defined. In the 2 patients 
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hic. 6 (.4 and B) Same infant as shown in Figure 4 
demonstrating undertubulation of the distal fe- 
murs and upper tibias. Note also the thickened, 


dense, irregular provisional zones of calcification, 


indice of the healing stage of this disease. 


who showed pulmonary insufficiency, it is 
reasonable to assume that such insufficiency 

resulted from malformation of the pul- 
monary valve: the pulmonary trunk was of 
normal size and there was certainly no 
evidence to suggest that the insufhciency 
was due to dilatation of the pulmonary 
trunk and its valve ring, secondary to in- 
creased pulmonary flow through the patent 
ductus. Vlad e£ a£?! following necropsy ex- 
amination of 6 patients, aged 2 davs to 14 
years, with pulmonary regurgitation re- 
marked, “it is probable that pulmonary 
regurgitation in infants 1s always due to 
either agenesis or a severely malformed 
pulmonary valve rather than to secondary 
dilatation of the v alve ve." We d oe i 
prob ably varving y od of E mation 
of the pulmon ary valve reflected by pre- 
dominant insufficiency at one end of the 
spectrum and predominant stenosis at the 
other. To support the thesis that malforma- 
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tions of the pulmonary valve are relatively 
common in rubella cardiopathy, we re- 
viewed 92 cases of pulmonary artery steno- 
sis (trunk and branches) in the English 
language literature which were proven 
either by angiocardiography, surgery or 
hecFOpsy.* "Os me M Eo eig Suo ae Ín 2329 pa- 
tients a definite history of maternal rubella 
was recorded. In 5$ other patients, no his- 
tory of maternal rubella was mentioned, 
but it was noted that each of the 5 suffered 
from congenital cataract and/or deafness, 
strongly suggesting rubella embryopathy. 

Of the 22 patients with definite rubella 
cardiopathy, pulmonary valvular stenosis 
was present in 13 and varied from mild to 
severe in degree. In addition, 14 of the 22 
patients showed a patent ductus arteriosus. 

Less commonly, other types of cardiac 
malformations, such as ventricular septal 
defect, atrial septal defect, coarctation of 
the aorta and aortic stenosis, occur follow- 
ing maternal rubella. 

In view of the frequency of patent duc- 
tus arteriosus and pulmonary stenosis 
(valvular, trunk or branches) in rubella 
cardiopathy, we believe that selective 
thoracic aortography is the initial diag- 
nostic procedure of choice unless there is 
some sound clinical evidence for the pres- 
ence of one of the less frequently encoun- 
tered cardiac malformations. Even at times 
when a septal defect is suspected in addi- 
tion to a patent ductus arteriosus, selec- 
tive thoracic aortography is- still, in our 
opinion, the best initial procedure. When 
thoracic aortography is carefully and cor- 
rectly performed, a good concentration of 
contrast material appears in the pul. 
monary vessels and, subsequently, clear 
definition of the left atrium and left 
ventricle will occur allowing detection of a 
left-to-right shunt at either the atrial or 
ventricular level, if present. 

Little mention of interstitial pneumonitis 
as a component of the rubella syndrome 
has been made. Korones et alt! reported 
roentgenologic evidence of pneumonitis in 
6 of 17 infants studied. The morphologic 
findings of interstitial pneumonitis were 
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demonstrated in 2 of these babies at 
autopsy and the virus was isolated from 
lung sections in each case. 


SUMMARY 


1. The roentgenolcgic features of rubella 
embryopathy, with particular emphasis on 
the skeletal and cardiac findings are pre- 
sented and their significance is discussed. 

2. The role of selective thoracic aortog- 
raphy as the initial diagnostic procedure in 
delineating the commonly encountered 
cardiovascular malformations is outlined. 

3. The roentgenologist should beaware 
of the roentgenologic manifestations of the 
rubella syndrome, inasmuch as he may be 
afforded the first opportunity to suggest 
the diagnosis. 

4. Early diagnosis is essential for the 
protection of pregnant hospital personnel, 
since the affected infant is able to harbor 
and transmit the rubella virus. 


Hugh J. Williams, M.D. 
Childrens Hospital 
St. Paul, Minnesota 
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ROENTGEN APPEARANCE OF ANOMALIES ASSOCI- 
ATED WITH HYPOPLASTIC ANEMIAS OF CHILD- 
HOOD: FANCONI'S ANEMIA AND CONGENITAL 
HYPOPLASTIC ANEMIA (ERYTHRO- 
GENESIS IMPERFECTA)* 


By HIDEYO MINAGI, M.D., and HOWARD L. STEINBACH, M.D. 


SAN FRANCISCO, CALIFORNIA 


OENTGENOLOGY has contributed 
greatly to the diagnosis of certain 
blood dyscrasias. Such entities as sickle- 
cell anemia, Mediterranean anemia, leuke- 
mia, and hemophilia often present charac- 
teristic roentgen changes that are widely 
recognized. Two additional entities, Fan- 
coni's anemia and erythrogenesis imper- 
fecta, have not as yet been described in the 
radiologic literature. In both these dis- 
eases, a high incidence of congenital anom- 
alies prevails, the roentgen appearance of 
which may often be of value in establishing 
the correct diagnosis. 


FANCONI'S ANEMIA 


Smith,?® in 1919, reported aplastic ane- 
mia in a 6 year old boy, associated with 
marked nuchal, genital, umbilical, and 
areolar skin pigmentation. Fanconi* in 
1927, described a pernicious-like anemia 
which developed in 3 brothers between the 
ages of 5 and 7 years. All 3 had unusual 
pigmentation of the skin, microcephaly 
with mental retardation, and were of 
shorter than normal stature. Testicular 
hypoplasia was noted in 2 of the brothers. 
Pigmentation and testicular hypoplasia 
were associated with multiple renal and 
skeletal anomalies in a patient with pan- 
cytopenia reported by Uehlinger,®° in 1929. 
Since that time, at least go additional 
cases of pancytopenia with associated con- 
genital anomalies have been recorded,” 
most of them under the designation of Fan- 
coni’s anemia or Fanconi’s syndrome. (The 
latter is entirely different from renal tubu- 


lar insufficiency with cystinosis, also some- 
times called Fanconi’s syndrome.) 


CLINICAL MANIFESTATIONS 


The clinical manifestations of Fanconi's 
anemia may be grouped into 2 categories— 
those relating to the hematologic distur- 
bance and those relating to the congenital 
anomalies. The present authors reviewed 
the reports in the literature of 68 patients 
with Fanconi's anemia. Although many of 
the external anomalies of this disease were 
recognizable at birth, the onset of the 
hematologic disturbance was invariably 
delayed. The youngest patient reported 
was 17 months and the oldest 22 years old 
when the anemia first became evident. Of 
these 68 patients, go per cent were under 
the age of 15 and the median age in this 
series was 7 years. A definite predilection 
for males was noted (43:25). 


HEMATOLOGIC DISORDERS 


The initial symptoms of the hematologic 
disturbance are often those related to ane- 
mia, such as pallor and fatigability. In 
many instances, however, a tendency to 
increased bleeding, manifested by easy 
bruising, epistaxis, or gastrointestinal 
bleeding, is the presenting complaint. Fre- 
quently, the initial clinical manifestations 
of the blood dyscrasia become apparent 
with an associated acute febrile illness, 
such as respiratory tract infections or 
measles. 

Peripheral blood studies in the fully 
developed hematologic disturbance typi- 


* From the Department of Radiology, University of California School of Medicine, San Francisco, California. 
Supported in part by Grant AM 02589 from the United States Public Health Service. 
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cally reveal anemia, leukopenia, and 
thrombocytopenia. In earlier stages of the 
disease, deficiency of only one or two blood 
elements may be apparent. The anemia is 
typically macrocytic and hyperchromic; 
the leukopenia 1s characterized by a reduc- 
tion in granulocytes with a relative lym- 
phocytosis. The bone marrow reveals var- 
ious degrees of degeneration or complete 
atrophy and hypoplasia, or aplasia of all 
cellular elements. 

Usually the disease progresses slowly, in 
most patients terminating fatally with 
hemorrhage and sepsis within 5$ years after 
the onset. 

Nilsson? noted that 30 families ac- 
counted for 62 of the 82 patients included 
in his comprehensive review. Consanguin- 
ity was recorded between the parents in 6 
of the affected families. Various phenotypic 
expressions of the genetic defect have been 
recorded. The hematologic disorder has 
occurred in siblings of patients with the 
fully developed syndrome, unassociated 
with congenital anomalies.4 On the other 
hand, congenital malformations in the ab- 
sence of hematologic disturbance have been 
noted in affected families.” An increased 
incidence of leukemia in families of affected 
children has been noted." The mode of 
transmission of Fanconi's anemia has gen- 
erally been considered to be autosomal 
recessive.? 

Estren ana Dameshek™ reported 8 cases 
of familial hypoplastic anemia, unassoci- 
ated with other congenital anomalies. 
Several authors9?:3$ have reported cases of 
thrombocytopenia with associated aplasia 
of the radii. A possible relationship be- 
tween these entities and Fanconi's anemia 
has been suggested.¥ 

Lewis e£ ai. have reported 18 cases of 
skeletal anomalies associated with con- 
genital heart disease. The published repro- 
ductions of roentgenograms of the hands in 
this report are remarkably similar to those 
seen in Fanconi’s anemia, with skeletal 
anomalies limited to the upper extremities, 
particularly the thumb. The changes were 
predominantly on the radial aspect of the 
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TABLE I 


CONGENITAL ANOMALIES WITH FANCONI'S ANEMIA 
REPORTED IN 68 PATIENTS 


Per 
No. Cent 
Abnormal pigmentation sO 74. 
Skeletal anomalies 46 68 
Retarded growth 37 54 
Hypogonadism 27 40 
Small head I9 28 
Renal anomalies 20 29 
Microphthalmia 13 I9 
Strabismus II 16 
Hyperreflexia II 16 
Undescended testis a 16* 
Deafness 4 6 
Anomaly of external ears 3 4 
Adrenal absent or hypoplastic 3 4 
Inguinal hernia 3 4 
Obesity n 4 
Hypospadias 2 L5 
Hydrocephalus 2 3 
Gynecomastia 2 3 
Septate bladder, blue sclerae, anal 
stenosis, sacrococcygeal sinus, 
Meckel's diverticulum, and aque- 
ductal stenosis with absent sep- 
tum pellucidum IOi each 


* Per cent of 43 males, 


extremities. No hematologic disturbances 
were noted in their patients. 


ASSOCIATED MALFORMATIONS 


The congenital anomalies noted in the 
68 patients reviewed are listed in Table r. 
Less obvious abnormalities may have been 
overlooked or may not have been sought 
in many instances. Hence, the figures do 
not necessarily represent the true incidence 
of congenital anomalies in this syndrome. 


Abnormal Pigmentation. In every series re- 
ported, abnormal pigmentation was the 
most consistent abnormality observed. Al- 
though any area of the body could be 
involved, certain areas showed increased 
pigmentation more often. These were the 
trunk, the skin folds, such as the axillae 
and groins, and the area around the neck. 
Frequently, the pigmentation was appar- 
ent before onset of the pancytopenia; how- 
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Tlasrz II 


SKELETAL DEFORMITIES IN 44 PATIENTS 
WITH FANCONI'S ANEMIA 





Absent, hypoplastic, or supernumerary thumb 3 

Hypoplastic or absent radius 

Congenital hip dislocation 

Webbing, second and third toes 

Flat feet 

Klippel-Feil deformity 

Club foot 

Extra terminal phalanges of third and fourth 
toes I 

Sprengel's deformity I 
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ever, it sometimes appeared at a later stage 
in the disease. Histologic examinations 
have shown that the skin pigmentation is 
the result of abnormally increased melanin 
deposits.?! 


Skeletal Anomalies. The most frequent site 
of skeletal anomalies of Fanconi’s anemia 
is in the upper extremities, particularly the 
thumb, and, less commonly, the first meta- 
carpal and adjacent carpals. No specific 
pattern of association among the various 
anomalies could be ascertained, nor was 
there a particular tendency toward sym- 
metric changes. Hypoplasia of the 
phalanges of the thumb was noted in 12 
instances, complete absence of one or both 
thumbs in 15, and a supernumerary thumb 
in 3. The hypoplasia of the involved pha- 
langes was usually manifested by both 
shortening and narrowing. Some phalanges, 
however, were of normal length but abnor- 
mally slender. Both the proximal and dis- 
tal phalanges were hypoplastic in most 
instances; in a few, the distal phalanx alone 
was shortened. In most instances when 
hypoplasia of the phalanges of the thumb 
was present, shortening or thinning of the 
first metacarpal also was observed. Com- 
plete absence of the thumb was invariably 
associated with aplasia of the corresponding 
metacarpal. Hypoplasia of the first meta- 
carpal with normal first phalanges has also 
been reported.*® 

Other abnormalities of the thumb have 
been described. These include atrophy of 
the thenar eminence, immobility of one or 
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both joints of the thumb, and a double 
distal phalanx. In 3 patients, one or both 
thumbs were attached to the hand only by 
soft tissue. 

Several authors have noted incurving 
fifth fingers, similar to those observed in 
mongolism, associated with hypoplastic 
middle phalanges of the fifth digit." In 
several instances hypoplasia of the second 
and fifth middle phalanges was evident in 
published roentgenologic reproductions, al- 
though not described in the text.?'!* 

Unilateral absence of the radius was 
noted in 3 instances and bilateral absence 
in an additional 3. In each patient with 
radial aplasia, the corresponding thumb 
was also absent. In those reports that in- 
cluded reproduced roentgenograms, radial 
aplasia was associated with shortening and 
medial concavity of the ulna, the wrist 
being held in valgus position. 

Other congenital malformations that 
were noted in the skeletal system in Fan- 
coni's anemia are listed in Table n. 


Renal Anomalies. More than one-fourth of 
the 66 patients reviewed had renal anom- 
alies. In 14, absence of one kidney was asso- 
ciated with either renal hyperplasia or 
fusion on the opposite side. (Nilsson's?? 
series included 3 horseshoe kidneys.) Sim- 
ple ectopy was evident in 7 patients. In 
several instances, hydronephrosis or im- 
paired excretion was evident on excretory 
urography. 


Cardiovascular Anomalies. An abnormality 
involving the cardiovascular system was 
noted in § patients. A hypoplastic aorta 
with coarctation® in one instance anda 
patent ductus arteriosus? in another were 
found at necropsy. In 2 patients,* defi- 
nite evidence of congenital heart disease 
was noted clinically, although not proved 
surgically or by necropsy. Marked athero- 
matous changes were found in the aorta of 
a girl who died at the age of 16 years.* 


Other Anomalies. A wide range of other 
congenital deformities have been reported 
in association with Fanconi’s anemia (Ta- 
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Fic. 1. Case r. Fanconi's anemia in an 8 year old 
girl, The fifth middle phalanx is notched on its 
radial side distally. This phalanx is shorter on its 
radial aspect than on its ulnar, resulting in an 
incurving of the fifth finger (clinodactyly). The 
navicular is hypoplastic. 


ble 1). Hvpogonadism was found in both 
sexes, In males, this was most often mani- 
fested bv testicular hvpoplasia with under- 
developed external genitalia. Hv poplastic 
ovaries, infantile uterus, and atresia of the 
cervix and vagina were the manifestations 
in the females. 

The degree of growth retardation in the 
patients reported was mild to moderate. 
None of the patients showed the extreme 
degree o* dwarfism of osteochondrodystro- 
phy. Similarly, the microcephaly did not 
approach the extreme degree noted in asso- 
ciation with severe congenital anomalies of 
the brain. The microcephaly in most pa- 
tients was manifested by a head circumfer- 
ence of a few centimeters less than normal. 
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Microphthalmia was present in some cases 
but also was often of minimal degree. 
Cole, Cole, and Lascheid’, and Bryan and 


Erc. 2. Case 1, At the age of 13 vears, the left first metacarpal is deficient proximally and the phalanges of the 
m o EN 3 £ P = 


thumb are hypoplastic. Clinodactyly of the left fifth finger is more pronounced than on the right. The left 


navicular is hypoplastic. Although the right navicular at the age of 8 years (Fig. 1) was somewhat smaller 
4. A baa m = y bel P 


than normal, at 13 years it is unusually long. 


1 Q4 





Fic. 3. Case. The lumbar vertebral bodies are some- 
what narrow in their anteroposterior dimension, 


i^ 





Nixon? have called attention to a possible 
relationship between Fancont’s anemia and 
dvskeratosis congenita. They suggested 
that the skin disorder 1s a further variant 
of the diverse congenital defects associated 
with Fanconi's anemia. 

We have had the opportunity of review- 
ing the roentgenograms of the following 4 
patients, in whom Fanconi's anemia was 
diagnosed. 


REPORT OF CASES 


Case r. This 13 year old girl was first seen 
because of pancytopenia in 1959 at the age of 8 
years. In addition to the hematologic disorder, 
a shorter than normal stature was evident. 
Multiple skeletal anomalies were present as 


were abnormal pigmentation and delayed 
sexual maturation, ically, the 


Roentgenolog 

hands were of primary interest (Pig. 1 and 2). 
The phalanges of both thumbs were short and 
slender, more marked on the left side. Both first 
metacarpals were short, that on the left appre- 
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ciably narrow at its proximal end. The fifth 
middle phalanges were slightly notched on the 
inner aspect of their distal ends. They were 
shorter on their radial aspects than on their 
ulnar. This shortening resulted in clinodactyly 
of the fifth digits, similar to that seen in 
mongolism. Although the navicular of the right 
wrist had been smaller than normal at age 5 
years, it was longer than normal at the age of 
13 vears. The left navicular was hypoplastic. 
Generally, the long bones were more slender 
than usually seen. The lumbar vertebral bodies 
were also unusually slender in their antero- 
posterior diameters, resembling the "caniniza- 
tion" described in patients with paralysis or 
muscular weakness (lag, 3). 

Bone surveys of both parents were obtained 
and showed no abnormalities. Two of the 
patient's 3 siblings, however, both girls, of 8 
and 17 years, showed definite clinodactyly of 
the fifth fingers. A deformity of the middle 


lic. 4. C4 and B) An 8 year old sister of Case 1. The 
distal portion of the middle phalanx on its radial 
aspect is slightly notched, similar to that of the 
patient. No hematologic abnormality. 
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Fic. $4. (4 and B) A 17 year old s ister of Case 1. Al- 
though th e notching of the phalanx is less am parent 
in this girl than in her sisters, the radial side of the 
middle pl halanx is shorter than the ulnar side, re- 

sulting in elinodactyly. No hematologic abnor d 

itv. 


phalanges similar to that of the patient was 
also present (Fig. 4,,7 and B; and £, £ and D). 
Similar changes, but of lesser degree, were seen 
in an 11 year old brother. In none of the s iblings 
has evidence of hematologic abnormality been 
seen. 

Case Hr. This 11 year old girl was previously 
reported by Silver, Blair, and Kem pe"? In addi- 
tion to p and abnormal pigmenta- 


tion, there we e present mi icrocephalv, micro- 
phthalmos, strabismus, dwarfism, mental re- 
tardation, and bilateral slight syndactvlism of 


the second and third toes, Roentgenologically, 
the skull was smaller than normal in all di mon: 
sions. The sella turcica was of small size but 








Fic. 6. Case 11. An 11 vear old girl with Fanconi’s anemia. No bone abnormality. Fullness of the soft tissues of 
the fingers proximally gives the fingers a conical appearance. The tubular bones are short, but otherwise 
normal. 
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volume was within the normal range. Although, 
clinically, immobility of the interphalangeal 
joint of the right thumb was, noted, no roent- 
genologic abnormality was apparent in this 
joint. The hands were short and broad with 
fullness of the soft tissues of the fingers prox- 
imally, giving the fingers a somewhat conical 
appearance (Fig. 6). The tubular bones of the 
hands were proportionately short. No ab- 
normality was evident on excretory urography 
or on examination of the chest. 


Case 101. Associated with pancytopenia in 
this 6 year old boy were dwarfism, hypogonad- 
ism, and abnormal skin pigmentation. 


Case Iv. A younger sister of Case 111 was of 
short stature and, in addition to pigmentation 
and aplastic anemia, had strabismus. No evi- 
dence cf skeletal anomalies was seen in either 
sibling, although the sister had bilateral rudi- 
mentary cervical ribs. 


ERYTHROGENESIS IMPERFECTA 


In 1938, Diamond and Blackfan" de- 
scribed 4 cases of a syndrome characterized 
by a slowly progressive anemia beginning 
early in infancy. Two similar cases had been 
described by Josephs” 2 years previously. 
In none of these patients had there been 
jaundice, leukopenia, or thrombocytopenia. 
The anemia had been the result of a selec- 
tive hypoplasia of red cell precursors in the 
bone marrow. Since these reports, well 
over 100 have been added to the literature. 
Various synonyms have been applied to the 
syndrome, including congenital hypoplastic 
anemia, erythrogenesis imperfecta, pure 
red cell anemia, and congenital aregenera- 
tive anemia. 

In patients with erythrogenesis imper- 
fecta, examination of the peripheral blood 
reveals a normocytic, normochromic ane- 
mia, with normal numbers of other formed 
elements. The reticulocyte count is less 
than 2 per cent despite the severe anemia. 
In the bone marrow, a complete or almost 
complete absence of cells of the erythroid 
series is characteristic. White blood cell 
and platelet: precursors appear in normal 
numbers. 

The prognosis, although guarded, is less 
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grave than in Fanconi's anemia, many 
children having survived for years with 
periodic transfusions. Remissions after the 
administration of steroids and spontaneous 
remissions, sometimes after years of trans- 
fusion therapy, have also been reported. 
With repeated transfusions over prolonged 
periods of time, the changes of transfusion 
hemosiderosis often become an important 
part of the clinical picture. 

Benign thymoma has been described in 
association with red cell aplasia in adults; 
however, erythrogenesis imperfecta, as dis- 
cussed in the present report, is character- 
ized by its appearance in infancy, and 
thymoma has not been noted in children 
with this disease. 

Although the etiology of the disease is 
unknown, a disturbance in tryptophan 
metabolism has been suggested by Altman 
and Miller.! These investigators identified 
anthranilic acid, a metabolite formed by 
the breakdown of tryptophan, in the urine 
of 9 patients with this disease. Isolated 
examples of a familial incidence have been 
recorded.4:1° 


CONGENITAL ANOMALIES 


Congenital anomalies have not been em- 
phasized as part of this syndrome, but 1 of 
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CONGENITAL ANOMALIES WITH ERYTHROGENESIS 
IMPERFECTA REPORTED IN 74 PATIENTS 


Retarded growth IO 
Mental retardation 
Congenital heart disease 
Skeletal anomaly 
Congenital defect of csseous 
development 1 
Extra phalanx of one thumb I 
Extra thumb I 
Renal anomaly 3 
Bilateral double ureters with 
congenital hydronephrosis I 
"Congenital dysplasia" of one 
kidney 1 
Absent left kidney and ureters 1 
Webbed neck 2 
Blue sclerae 2 
Malformed ear, inguinal hernia, 
cleft palate, ptosis 


to Co -p 


1 of each 


VoL. 97, No, 1 


Hypoplastic Anemias of Childhood 


1 Ctt 
&oN F 
i 





lic. 7. Case v. Erythrogenesis imperfecta in a 31 month old girl. The bone age is that of an 18 month old girl. 


of both fifth middle phalanges is evident. 

our patients with this disease had such 
anomalies. These findings prompted a re- 
view of the literature to determine the 
frequency and type of anomalies in the 
patients previously reported. Case reports 
of 74 patients were reviewed, of which 4o 
were females and 34 males. Of these, 25, or 
33.8 per cent, showed at least one develop- 
mental anomaly. Diamond, Allen, and 
Magill? in a review of 30 of their own 
patients, found 7 with minor congenital 
anomalies. The congenital anomalies of the 
patients in our review are listed in Table 
ut. The anomalies in erythrogenesis imper- 
fecta are not as frequent, nor are the skele- 
tal deformities as marked as in Fanconi's 
anemia. Nevertheless, the finding of mal. 
development in nearlv one-third of the 
patients reviewed is more than can be 
accountec for by chance. 


REFORT OF A CASE 


Case v. In this patient, a 4 vear old girl, the 
results of the hematologic examination indi- 
cated ervthrogenesis imperfecta. In addition, 
clinical and roentgenologic examinations and 
cardiac catheterization gave evidence of a 
ventricular septal defect. At the age of 6 weeks, 


Although the ossification center of the distal radius is not included in this figure, it was unossified, Dysplasia 


the patient had undergone a surgical procedure 
for intrapulmonary sequestration, The se- 
questered lung had been receiving its blood 
supply from an aberrant vessel arising from the 
aorta. Other anomalies included clinodactyly of 
the fifth fingers and webbing of the fourth and 
fifth toes. Growth was retarded, height and 
weight being less than those of the third per- 
centile. An additional finding of interest was 
the abnormal pigmentation of the skin which 
was described as almost bronze in color. Al- 
though anemic since the age of 34 months, the 
patient had received only 2 transfusions; 
hemoglobin was being maintained at near 
normal levels with steroid therapy. 
Roentgenologic examination of the hands 
(Fig. 7 and 8) at the age of 31 months demon- 
strated a bone age compatible with that of an 
18 month old child. The ossification center of 
the distal radius was absent. Marked dysplasia 
of both fifth middle phalanges with resultant 
clinodactyly was evident. The short phalanges 
were unusual in that the center of the diaphyses 
was markedly narrow and the epiphysis ab- 
sent. Examination of the chest disclosed cardio- 
megalv and pulmonary overcirculation, con- 


sistent with the diagnosis of ventricular septal 
detect. Also evident were the changes incident 
to prior removal of the pulmonary sequestra- 


tion. 





ig. 8. Case v. Close-up view of fifth middle phalanx 
of Figure 7, demonstrating peculiar dysplastic 
charge. 


A comparison of the findings in Fancont's 
anemia and erythrogenesis imperfecta 1s 
given in Table tv. 


an 


SUMMARY 


Fanconi's anemia is a hematologic dis- 
order, often familial, characterized by pan- 
cytopenia and diverse congenital anom- 
alies. The most frequent of these anomalies 
are abnormal skin pigmentation, skeletal 
anomalies, primarily of the thumb, growth 
retardation, and hypogonadism. Micro- 
cephaly, renal anomalies, microphthalmia, 
and strabismus also are frequently associ- 


Erythrogenesis imperfecta, or congenital 
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Taste IV 


DATA OBTAINED IN A REVIEW GF FANCONI "s 
ANEMIA AND ERYTHROGENESIS IMPERFECTA 


Fanconi’s 


| genesis 
Anemia i 


Imperfecta 
Total no. of patients 
l'emale 2 


Age range at onset of 
anena Birth to 


rs mo. 


17 mo. to 


As ZEE 
wa Yl. 


Average age at onset pov 24 mo. 
Nledian age at onset He. 2 mo. 


Per cent of patients with 
atleast § anomaly dem- 
onstrated 9750 Nate 


hypoplastic anemia, is characterized by a 
hematologic deficiency limited to the eryth- 
rocytic series. It usually begins within 
the first vear of life. A review of the litera- 
ture disclosed apprcximatelv one-third of 
these patients with some form of maldevel. 
opment. Most of the abnormalities. were 
mental and physical -etardation, congenital 
heart disease, and skeletal anomalies. 

A discussion of the roentgen features in 
these diseases is presented, together with 
the findings in 4 patients with Fanconi's 
anemia and 1 with ervthrogenesis imper- 
fecta, 


Hidevo Minagi, M.D. 
Department of Radiology 

San Francisco Medical Center 
San Francisco, California 94122 
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of Pediatrics, University of California School of 
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ur and iv, and for allowing us access to their 
roentgenograms. 
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COEXISTENT POLYOSTOTIC FIBROUS DYSPLASIA 
AND EOSINOPHILIC GRANULOMA OF BONE* 


By OLGA M. BAGHDASSARIAN GATEWOOD, M.D., and JOHN R. ESTERLY, M.D. 


BALTIMORE, MARYLAND 


IBROUS dysplasia of bone and histio- 
cytosis X are distinct disease entities. 
Each presents a broad spectrum of clinical, 
histologic and roentgenographic manifesta- 
tions. These range from the single lesion of 
fibrous dysplasia to polvostotic involve- 
ment on the one hand and from the solitary 
eosinophilic granuloma of bone to the 
fulminant Letterer-Siwe's disease on the 
other. 
lhe association. of the two disease 
entities in a single individual is unusual. 


REPORT OF A CASE 


An 8 vear old white female was apparently 
well until 1 month prior to admission, at which 
time she developed progressive pleuritic pain. 
This was associated with low-grade fever and a 
weight loss of 3 pounds. A chest roentgenogram 
showed an osteolytic lesion in the right 6th rib. 

During the past 3 years, she had sustained 
fractures of the right radius and 2 right meta- 
carpals. These injuries resulted from minor 
trauma and healed uneventfully. 

On admission, she was noted to be a well de- 
veloped 8 year old girl; her height and weight 
were in the 6oth and 4sth percentile, respec- 
tively, Fine pubic and axillary hair and early 
breast development were noted. À pigmented 
oblong area, measuring 3.5 by 1 cm., was pres- 
ent on the posterior aspect of the lower neck, 
The right arm was 2 em. longer than the left. 

Routine laboratory data were within normal 
hmits, as were the urine output and tests of 
renal concentration and dilution. The serum 
calcium was 10.4 mg. per cent; the serum phos- 
phorus was 4.6 mg. per cent, and the alkaline 
phospha:ase was 16 and 13.8 Bodansky units 
on two determinations. The vaginal smear re- 
vealed a moderate estrogen effect. 

Roentgenographic examination of the chest 
disclosed a 2 cm. defect in the right 6th rib sur- 
rounded by an extrapleural mass (Fig. 1). 


A bone survey demonstrated multiple, 
sclerotic and radiolucent areas encroaching on 
the cortex from within and irregular widening of 
the medullary canal (Fig. 2, 4, B and C; 3, 4 
and B). There was expansion of some meta- 
carpals, metatarsals and phalanges. 

Overgrowth and sclerosis of bone were pres- 
ent in the right frontal area, the right maxilla, 
the occiput and the base of the skull (Fig. 4, 


Aeb und c 





Fic. 1. Anteroposterior roentgenogram of the in- 
volved right ribs (magnifed view) showing a 
sharply marginated defect in the mid-axillary line 
of the right 6th rib. Note underlying extrapleural 
mass. 


* From the Departments of Radiology and Pathology, The Johns Hopkins University School of Medicine and The Johns Hopkins 


Hospital, Baltimore, Maryland, 
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Fibrous Dysplasia and Eosinophilic Granuloma of Bone 
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Lic, 2. G4) Anteroposterior roentgenogram at 
the pelvis and femora showing columnar de 
L : Mord ET "-—— b. EXGADYACE quie p 
fects in the right iliac crest and opalescent, 








: ; s 
sclerotic radiolucent lesions in the right 


femur, characteristic of fibrous dysplasia. 
1 


4 


Note attenuation of the medullary : 
of the cortex, (4) Anteropos 
gram of both lower legs showing similar in- 


volvement of the right tibia. d 
posterior roentgenogram of the right arn 


demonstrating similar changes in the radius. 
Note attenuation of its cortex and the 


columnar defects in the distal radius and 
proximal humerus, 
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Fic. 3. Cf) Anteroposterior roentgenogram of the right foot demonstrating columnar expansion of the third, 
fourth and fifth metatarsals; there is lack of normal trabecular pattern and a resulting diffuse ground-glass 
appearance. (5) Anteroposterior roentgenogram of the right hand demonstrating a similar involvement of 
the second and third metacarpals and their corresponding proximal phalanges. 


With the exception of a small fibrous defect 
in the left first metacarpal, the osseous changes 
were entirely confined to the right side. All the 
bone lesions, excluding the destructive process 
in the rib, were considered to be characteristic 
of polyostotic fibrous dysplasia. 

The bone age was 11 vears as compared with 
the chronologic age of 8. 

An excision biopsy of the lesion in the right 
sixth rib revealed numerous eosinophils, plasma 
cells, histiocytes, and rare multinucleated cells. 
Foamy cytoplasm or other evidence of intra- 
cellular lipid was not present, and there was no 
fibrosis. The lesion was typical of the prolifera- 
tive phase of histiocystosis X (Fig. 5). 

A wedge biopsy of the right iliac crest demon- 
strated the characteristic changes of fibrous 
dysplasia. There were areas of whorled cellular 
connective tissue in which thin, disoriented 
bone trabeculae and occasional osteoblasts 
were present (Fig. 6). Several islands of 
cartilage were encountered in the specimen but 
were without consistent relation to the fibrotic 


lesions. The epiphyseal plate showed irregular- 
ities in enchondral bone formation. It is prob- 
able that the islands of cartilage noted repre- 
sent remnants of this growth plate irregularity 
(Fig. 7). 

Four months following discharge from the 
hospital, the patient developed point tender- 
ness over the left parietal area. Examination 
revealed a 3 cm. subcutaneous nodule which 
corresponded with the punched-out 0.5 cm. de- 
fect on the roentgenogram. No treatment was 
instituted, and, on re-examination 4 weeks 
later, the nodule was no longer palpable. Three 
months later, she sustained another fracture of 
the right radius following minor trauma. 

Her first menstrual period occurred at the 
age of g years. 

On follow-up examination 2 years later, com- 
plete regeneration of the excised portion of the 
right sixth rib had occurred, and there was 
complete healing of the defect in the left 
parietal bone. There was no visible change in 
the remaining unilateral skeletal lesions. 
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Fic. 4. G4) Posteroanterior roentgenogram of 
the skull, Sclerosis of the right maxilla and 
frontal bone is noted. (B) Lateral roent- 
genogram of the skull obtained during the 
second admission (4 months later} demon- 
strating, in addition to the previously seen 
sclerosis of the base, a punched-out 0.5 de- 
tect in the left posterior parietal area. This 
he: it d spontaneously. (C) Magnified view 


showing sclerosis of occipital bone. 


DISCUSSION 


"Albright's syndrome” was 
in 19357 syndrome characterized by 
‘osteitis ibrosa’ disseminata, areas of pig- 
mentation, and endocrine dvsfunction with 
precocious puberty in females.” 

In 1942, Lichtenstein and ] atte!’ adde : 
Due dw splasi sia to the 75 the 

collect. from 


s first reported 
de “a 


the p 
They descri bed comprehensively the chn- 


splasia and Eosinophilic Granuloma of Bone 





'al, pathologic and roentgenographic find- 
ings. 
The clinical manifestations of fibrous 
ivsplasia vary with the extent and location 
of the skeletal involv 
ence or absence 


ement and the pres 
of extraskeletal manitesta 
tions. Albright’s syndrome, the most severe 
form, is usually diagnosed in infancy or 
childhood. It consists of sexual precocity 
in the female, cutaneous pigmentations, 


II4 
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Fic. 5. Photomicrograph of the surgical specimen from the rib showing the char- 
acteristic changes of eosinophilic granuloma. The section contains numerous 
eosinophils anc mononuclear histiocytes. Lipid positive macrophages were not 
present. (H & E, 250X.) 





Fic. 6. The pattern of fibrous dysplasia seen in the biopsy of the right iliac crest. 
The predominant findings were those of whorled fibrous tissue separating and 
surrounding thin osseous trabeculae. (H & E, 85 X.) 
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Fibrous Dysplasia and Eosinophilic Granuloma of Bone 


Ex. 





hic. 7. One of the foci of cartilage present in the specimen illustrated in Figure 6. 
These "islands" resulted from the irregularities in the linear growth plate observed 


in tke specimen. (H & E, 170 X.) 


and polvostotic bone lesions which are 
often unilateral and usually progressive. 

The diagnostic histologic component of 
fibrous dysplasia is whorled connective 
tissue occupying the marrow space and 
separating abnormal osseous and, occa- 
sionally, cartilaginous elements. The meta- 
plastic bone trabeculae in these areas are 
thin and disoriented in their relation to 
normal bone architecture. Considerable 
morphologic variation may be present with 
respect to the cellularitv of the connective 
tissue, the degree of vascularization and 
cyst formation, and the presence of mvxo- 
matous or cartilaginous elements. Multi- 
nucleated giant cells and foam cells are also 
variable findings. The proliferating connec- 
tive tissue replaces the marrow and erodes 
the cortex. Reactive periosteal new-bone 
formation does not occur in the absence of 
a fracture. 

The presence of nests of cartilage in the 
lesions of fibrous dysplasia has long been 
recognized ^^. * and has been interpreted 
as a manifestation of the multipotentiality 
of fibrous tissus. ^'^ Extensive amounts of 
cartilage have been found onlv in cases of 
fibrous dysplasia associated with precocious 
puberty.? The couble pattern of fibrous and 


"chondrous dysplasia” in Albright's svn- 
drome has been used by Johnson to dis- 
tinguish this tvpe of fibrous dvsplasia from 
that described by Jaffe and Lichtenstein. ?!? 
He teels that the latter form shows little 
progression after the time of original diag- 
nosis, whether encountered in the voung 
adult or older individual, whereas the form 
associated with precocious puberty may 
eventually involve the entire skeleton. 
The roentgenographic appearance of the 
lesions is characteristic and easily recog- 
nizable in the polyostotic form of the dis- 
ease. The lesion replaces the medullary 
canal and attenuates the cortex from 
within. [ts appearance depends on the de- 
gree of ossification and the distribution of 
the bone trabeculae. If dense and closelv 
knit, an area of sclerosis will result; if rare 
and scattered, a cvst-like radiolucency will 
ensue. The tvpical ground-glass opalescent 
or smudgy appearance results from the al. 
ternation of areas of fibrous tissue with 
closely meshed trabeculae. Alternating 
areas of radiolucency and increased opacity 
are often seen. Thinning of the cortex and 
consequent expansion of the shaft will oc- 
cur as the proliferating connective tissue 
progressively remodels the cortex. Perios- 
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teal reaction is not seen without an 
antecedent fracture. Although the lesions 
are disseminated, they are focal, and in- 
volved bone between the foci of disease 
retains its normal architecture. A sharp 
demarcation often exists between the in- 
volved and uninvolved areas. 

The roentgenographic changes in the 
skull consist of summation of opalescent or 
sclerotic lesions, resulting in a marked in- 
crease in density of the base of the skull as 
well as overgrowth and sclerosis of the 
maxillary bones, the frontal bones and, 
most typically, marked thickening of the 
outer table of the occipital bone. 

Other roentgenographic features en- 
countered in Albright’s syndrome are ac- 
celerated bone growth and maturation. 

“Eosinophilic granuloma” of bone was 
described by Lichtenstein and Jaffe?! as 
single or multiple skeletal lesions and con- 
stitutes the least severe form of histiocy- 
tosis X. The term, histiocytosis X, is used 
to describe the reticulo-endothelial altera- 
tions present in eosinophilic granuloma, 
Schüller-Christian disease, and Letterer- 
Siwe disease. Although occasionally pro- 
gressive, the lesions of eosinophilic 
granuloma are more often limited. The 
variation in pathologic findings of histio- 
cytosis X has recently been reviewed by 
Lichtenstein.* Neither his review nor pre- 
vious reported series describe an association 
with fibrous dysplasia.?* 9 Conversely, this 
association has also not been encountered 
in review of large series of fibrous dys- 
plasia,i51617 

The roentgenographic appearance of 
histiocytosis X is characterized by sharply 
marginated radiolucencies, usually showing 
no calcification within the defects. Al- 
though cortical breakthrough with perios- 
teal reaction may occur, expansion of the 
involved bone is unusual.?'* Multiple large 
or small defects may occur in the calvarium 
and remaining bones. The lesions of the 
skull are often preceded by overlying fluc- 
tuant subcutaneous nodules. 

Growth and bone maturation are usually 
retarded,? and sexual disturbances such as 
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delayed puberty, hypogenitalism, and 
amenorrhea have been observed.?? This is 
in sharp contrast to the endocrine distur- 
bances seen in fibrous dysplasia of Albright. 

The histologic pattern is also distinctive 
and consists primarily of histiocytic mono- 
nuclear cells and macrophages. A variable 
number of eosinophils is present in the 
lesions of eosinophilic granuloma. In Schül- 
ler-Christian’s disease the histiocytes con- 
tain conspicuous amounts of cholesterol 
and other lipids. Collagen and a granulo- 
matous arrangement of the infiltrate are 
seen in severe or long-standing cases. Fi- 
brosis was first noted by Green and Farber’ 
who interpreted 1t as a component of heal- 
ing. Engelbreth-Holm ^e al’ postulated 
morphologic "stages" of histiocytosis X, 
based on the histologiz variation in patients 
with progressive clinical and roentgeno- 
graphic involvement. 

One controversial aspect of the patho- 
genesis of histiocytosis X, which 1s partic- 
ularly pertinent to the present case, is the 
mode of resolution of the proliferative lesion 
of eosinophilic granuloma. Jaffe and Lich- 
tenstein?! have consistently emphasized 
the lack of fibrosis in the healing of eosino- 
philic granuloma of bone in the absence of 
a fracture. They documented a biopsy of 
an untreated lesion which resolved without 
fibrosis. Lesions of 2 additional patients 
have been biopsied with similar findings; 
these patients, however, had been treated 
with steroids.’ It appears that when intra- 
cellular lipid is present in lesions of histio- 
cytosis X, collagen may accompany the 
evolution of the infiltrate."!* Proliferative 
lesions which contain no lipid may resolve 
without further progression and without 
fibrosis as part of their repair. 

The remote possibility of widespread 
unilateral histiocytosis X in the patient 
presented, resolving with a roentgeno- 
graphic and histologic pattern simulating 
fibrous dysplasia, is entirely unlikely. The 
characteristic roentgenographic findings of 
fibrous dysplasia, the presence of suggestive 
columns of cartilage, and the clinical mani- 
festation of Albright's syndrome all point 
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to the contrary. The tvpical punched-out 
defect in. the parietal bone which healed 
spontaneously and the roentgenographic 
and histologic appearance of the rib lesion 
similarly indicate that these 2 lesions were 
those of eosinophilic granuloma. Moreover, 
radiologists who have occasion to observe 
long-term follow-up of healing or healed 
bone lesions in histiocytosis X are aware 
that the altered architecture seen at the 
site of previous lesions does not simulate 
hbrous dvsplasia. Lesions of eosinophilic 
granuloma can, in fact, heal completely 


without any residual roentgenographic 
changes. 


Although both conditions may be pro- 
tean, we believe that the patient presented 


here exemplifies an unusual association of 


concomitant diseases, rather than demon- 
strating a relationship between the two 
entities. 

SUMMARY 


A female patient with a fortuitous asso- 
ciation of Albright's syndrome and eosino- 
philic granuloma i is reported. 


Olga M. Baghdassarian Gatewood, M.D, 
Department of Radiology 

The Johns Hopkins Hospital 

Baltimore, Maryland 2120; 
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A SIMPLE SCREENING TEST FOR THE 
MARFAN SYNDROME* 


By ISRAEL STEINBERG, M.D.t 


NEW YORK, NEW YORK 


HERE are so many lanky, thin per- 
sons who have spidery fingers, wear 
thick-lensed glasses, and appear prema- 
turelv old—-characteristic features of the 
Marfan svndrome-—that a simple, quick 
screening test to trulv distinguish them 
from those with the Marfan svndrome is of 
significant importance. Protrusion of the 
thumbs bevond the confines of the clenched 
fist (Fig. 1,7) in a patient with the Marfan 
syndrome was first reported by Parker and 
Hare? in 1945. For many years, this test 
has been used in this center and has been 
found to be reliable in patients with classic 
skeletal, ocular, and cardiovascular signs 
of the Marfan syndrome (Fig. 2, .7—71). 
In only 3 of several hundred patients ex- 
amined was protrusion of the thumbs be- 
vond the clenched fist present without 
other (cardiovascular and ocular) confir- 
matory signs of the Marfan svndrome. In 2 
of these, roentgenography of the clenched 
fists disclosed that the tip of the long digits 
of the thumb was within the confines of the 
bony s<eleton of the hands, whereas it pro- 
truded bevond this point in the patients 
with the Marfan svndrome. In this report 
the sign is described, the falsely positive 
cases are reported, and a recommendation 
is made that elicitation of this sign should 
become a part of the routine physical ex- 
amination. 


METHODS AND MATERIALS 


Over 10 patients with proved Marfan's 
svndrome?^^?* had a positive thumb sign 
(Fig. 1,7). This was elicited by having the 
patient make a fist over the thumb. When 
positive, the thumb clearly extended be- 


J 


vond the confines of the fist (Fig. 1.7). 
Forceful and undue stretching of the thumb 
in order to make it protrude 1s an undesir- 
able maneuver, but rarely produces a falsely 
positive test. Of the patients examined at 





Fic. 1. Autopsy proved case of the Marfan syndrome in 
a 21 year old man who died of dissecting aneurysm of 
the ascending aorta following insertion of a prosthetic 
mitral valve resected because of severe mitral insuffi- 
ciency following bacterial endocarditis. (A) Pro- 
truding thumbs (arrows) beyond the confines of 
the clenched fists. (8) Photograph of fingers 
(arachnodactyly). The right middle finger had 
been amputated following trauma but this de- 
formity did not prevent the positive test. Courtesy 
of Cohen and Kaye.! 


* From the Departments of Radiology and Medicine, The New York Hospital-~Cornell Medical Center, New York, New York. 
Aided by a grant from The Health Research Council of the City of New York under contract U-1648, 
T Recipient of Career Scientist Award of The Health Research Council of the City of New York under contract L258, 
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Fic. 1. (C) Frontal teleroentgenogram of the chest showing spinal scoliosis and cardiac enlargement. 
(D) Lateral view showing the long thorax. 


this cenzer for this sign, both in the clinic 
and in the hospital, only 3 patients ap- 
peared to have a falsely positive sign. One 
Va nad ne ud 2 yin of the 


“H 


stenosis allie ne jan re SEDI HUE was pres- 
ent. inea tion of the aortic valve Bios dn esis 
alleviated severe heart failure (paroxysmal 
nocturnal dyspnea). In this case, the bony 
tip of the thumb cleared the outer margins 
of the bony fist (Fig. 3E). In 2 other pa- 
tients with a false positive sign, roentgen 
examination of the clenched fist showed 
that the osseous portion of the thumb was 
within the confines of the fist st oe did not 
extend bevond the bony ie s of the hand 


(lig. 4C and ¢). In the first case, a woman 
of 20 vears, there were no skeletal, eve, or 


cardiovascular malformations but she had 
been an acrobatic dancer for many years, 
was “double jointed,” and exercised by o 

-apping her knees about her head. The 
second of these 2 patients had a high arched lic. 2. Classic Marfan syndrome in a 26 year old 
palate and mv Opt: 4 without scoliosis of the Eoman. G1) T “he thumb sign 1s posit! ve > (arrows). 
spine or a cardiac murmur, (B) ei of hands showing arachnodactyly, 
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Fic, 2. (C) Photograph showing the high arched 
palate. 








DISCUSSION 


In well established proved cas 





s of Mar- 
fan’s svndrome with its classic skeletal, 
ocular, and cardiovascular manifestations, 
protrusion of the thumbs bevond the 
clenched fist was evident (Fig. 1.7 and 2.7). 
Two patients with cissecting aneurysms, 
but with none of the skeletal or ocular 
abnormal tie sociated with Martan's 
svndrome, had negative thumb signs. In : 


of these patients, medial cvstic degenera- 

















to ES 





tion was noted at surgery.? In the patient 


with a positive thumb sign (Fig. 3.7) and 


calcific stenosis, only the calcific portion of 
the aortic valve was excised, and this did 
not contain sufficient aortic wall to deter- 
mine if medial cystic degeneration was 
present. The roentgenogram of her clenched 











ag 


d lens 








es and myopia) and 
leformitv and scars of previous operations 





Fic. 2. (D) Frontal photograph showing the thick lenses (worn because of dislocate 
the deformed thorax. CZ) Dorsal photograph showing the spinal c 
for correction of scoliosis. 














the chest showing the same kvphoscol o- 


SIS. 
5 


hia. 2. CFj Frontal telercentgenogram ot 









(G) Lateral roentgenogram also 
howing the deformed thorax and spir 
(HT) Vrontal angiocardiogram demon- 


strating aortic sinus dilatations (arrows) 
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j Fic. 3. (C) Frontal photograph showing the long 
O ™ lanky build with long arms and legs. (D) Lateral 
| view shows the kvphoscoliotic deformity of the 





thoracic spine. 
bic. 3. Positive thumb sign in a 57 year ald woman 
— E EES mm EET a euius n : 
cath arachnadactylv, 300H051. of the Spine, and rap hx was not pet formed in these e patients, 
myopia d calcific aortic. stenosis corrected by FON Bc ME uri eo 
e : wo pus cardiovascular disease, especially dilatation 
prosthesis. (4) Photograph of positive thumb sign FAR wet E i 
(apres: E p hotograph of fingers showing long ©! the aortic sinuses, cannot be ruled out 
slender digits. with certainty! The history of double- 
jointedness from acrobatic dance training 
fists showed that the thumbs protruded would probably account for the unusual 
bevond the bony fists (Fig. 3). In 2 other mobility of the thumbs within the clenched 
patients, the thumb sign appeared to be fists in 1 of the patients. The other patient, 
positive, but the roentgen study of the although he had a huge arched palate, was 
cle died fists revealed that the phalangeal without spinal deformity or cardiac mur- 
tips of the thumbs were within the fleshy murs. It is anticipated that patients with 
fist (Fig. 4C and 5). Since angiocardiog-.— Ehlers- Danlos syndrome may have positive 





Fic. 3. CE) Roentgenogram of the clinched fists shows that the terminal digits of the thumbs protrude 
beyond the confines of the clenched fists (arrows). 
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thumb signs because thev also have hyper- 
mobilitv of their Joints; however, none has 
been studied as vet. 


SUMMARY AND CONCLUSIONS 


A protruding thumb bevond the confines 
of the clenched fists appears to be a confir- 
matory sign of the Marfan syndrome. In all 
of the 10 patients with the classic skeletal, 
ocular, and cardiovascular features of 
Marfan's syndrome, the test proved posi- 
tive, Onlv 3 fzlse positive tests were en- 
countered so far in a large number of pa- 
tients during routine phvsical. examina- 
tions. In r patient. with a markedly 
positive test, the skeletal features of Mar- 
fan’s syndrome were evident but, instead 
of aortic regurgitation, aortic stenosis was 
found, and was alleviated by insertion of a 
prosthetic valve. In 2 other patients with 
mildly protruding thumbs, roentgen exami- 
nation of the clenched fists revealed that 
only the soft tissue (fleshy portion) of the 
thumb protruded bevond the bony portions 
of the fists, while the bony tip of the termi- 
nal thumb phalanx was within the confines 
of the metacarpal bones of the fists. Two 
patients with dissecting aneurysms but 
without other manifestations of the Marfan 
syndrome had negative thumb signs. 


It is, therefore, proposed that the 
clenchec fist test to see whether protrusion 


of the thumb is present be made a routine 


Screening Test for the Marfan Syndrome 1 
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Vic. 4. False positive thumb sign in a 20 year ald 
acrobatic dancer without skeletal, eye, or cardiac 
manifestations of the Marfan syndrome. (A) 
Photograph of clenched fists showing mild protru- 
sion of thumbs (arrows) bevond the clenched fists. 
(B) The fingers of the hands appear long and 
narrow. 


part of the physical examination. When 
positive, confirmatory findings, such as 
double-jointedness, arachnodactylv, ster- 





Vic. 4. (C) Roentgenogram of the clenched fists, however, shows that the terminal digits of the thumbs 
4 i ie T g 5 3 * ' ‘ Z 
(arrows) lie well within the fist and indeed do not extend beyond theouter border of the metacarpal bones. 
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lic. s. False positive thumb sign in a 27 


ri 


year old man with myopia and high arched palate but without other 


skeletal or cardiac manifestations of the Marfan syndrome. Roentgenogram of the clenched fist discloses that 
the bony digits of the thumbs (arrows) are well within the clenched fists. 


nal, spinal, and skull (dolichocephaly) ab- 
normalities, a high arched palate, ocular 
disease (ectopia lentis, myopia, and colo- 
bomas) and cardiovascular (aortic sinus 
dilatation, aortic insufficiency, aortic and 
pulmonary arterial aneurysms, and aortic 
dissection) should be sought for. Rarely, 
all these findings may be absent and only 
the thumb sign may be positive. In such 
instances, roentgen examination of the 
clenched fists is advised because double- 
jointedness in acrobatic persons apparently 

produces unusual mobility without other 
skeleta. abnormalities. In the patient dis- 
cussed, the terminal phalanx of the pro- 
adar thumbs, in contrast to that in pa- 
tients with the Marfan syndrome, did not 
extend bevond the confines of the meta- 

carpal bones of the clenched fist. 


Department of Radiology and Medicine 

The New York Hospital--Cornell Medical Center 
$26 East 68th Street 

New York, New York 10021 
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TEMPORAL BONE ABNORMALITIES IN CONGENITAL 
NEUROSENSORY DEAFNESS AS REVEALED BY 
PLESIOSECTIONAL TOMOGRAPHY* 


By M. S. LAPAYOWKER, M.D., H. J. WOLOSHIN, M.D., M. L. RONIS, M.D., 
and B. J. RONIS, M.D. 


PHILADELPHIA, PENNSYLVANIA 


"EE etiology of congenital deafness has 
always been of considerable interest to 
those physicians and workers in allied spe- 
cialties who deal with this problem. Uncer- 
tainty as to the site of the abnormality has 
Jed to difficulty in treatment and training of 
patients affected with this condition. The 
ability to localize the site of abnormality 
can be of great importance in planning the 
type of treatment or training which can 
provide the best results in aural habilita- 
tion. 

Prior to the 1950's the locus of otologic 
pathology was assessed primarily by oto- 
logic and audiologic examinations and, to a 
lesser extent, bv roentgenologic techniques. 
The usual roentgen examination of the 
skull and mastoid region was the source of 
most anatomic information about the otic 
capsule region. In children, particularly the 
younger age group, evaluation of the tem- 
poral bone area by routine roentgenogra- 
phy is often limited because of the neces- 
sary intricate positioning and angulation of 
both the roentgenographic tube and the 
patient. Examination is frequently limited 
to a modified lateral view of the mastoids, 
such as the Runstróm or Law view, a 
Chamberlain-Towne projection and a sub- 
mentovertex view. Older children and 
adults can be examined more thoroughly. 
The examination in this group may consist 
of a full skull and mastoid study. The rou- 
tine skull study in our department includes 
stereoscopic examination in the postero- 
anterior position, the Chamberlain-Towne 
position, and the lateral projection. Our 
usual mastoid study consists of single 
roentgenograms in the submentovertex 
position, Chamberlain-Towne views (omit- 


ted if the skull is examined at the same 
time), the Mayer view and the Stenvers 
views of both temporal bones. In addition, 
a stereoscopic Runstróm view is obtained. 
Several authors have felt that the routine 
views of the temporal bone were adequate 
and satisfactory for thorough evaluation of 
the otic capsule area.” 

These views do provide a moderate 
amount of information about the region of 
the middle and inner ear, but the region of 
the oval window, ossicular mass and coch- 
lea is ordinarily not well seen. We feel that 
with the development of more refined 
roentgenographic procedures, such as poly- 
tomography and multisection tomography, 
the fine detail of the temporal bone has 
been more easily visualized and abnormal- 
ties identified with more certainty? 1.4.16 
19,21, 24,25 

With the development of plesiosectional 
tomography by McGann!* in 1961, a simple 
method became available for excellent 
roentgenographic demonstration of the 
component portions of the temporal bone. 
This technique, a refinement of linear 
multisection tomography, provides 4 sec- 
tions approximately 1 mm. apart for each 
roentgenographic exposure. Ordinarily, 2 
roentgenographic exposures are made for 
each temporal bone. The patient is placed 
supine on the roentgenographic table and 
the head immobilized so that Reid's base 
line is in a vertical position. The central 
beam is centered to the lateral canthus of 
the eye. The initial exposure is obtained 
with the tomographic fulcrum at the root of 
the tragus of the external ear. A second 
exposure is centered o.5 cm. posterior to 
this point. 


* Presented at the Sixty-sixth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 28-October 1, 


1965. 
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lic. 1. (4 and B) Median cut gives good detail of ossicles (1), vestibule (3), attic wall (7), and roof of external 
in e E i Jy FUN Py dece. ; 
auditory canal (8), as well as the oval window. The medially extending hypotympanum (10) is seen beneath 


the promontory of the cochlea, 


lhese two exposures provide 8 sections 
through the temporal bone and almost 
always reveal the middle and inner ear 
structures satisfactorily. 

The cassette needed for plesiosectional 
tomography 1s a modification of the usual 
roentgenographic cassette and contains 4 
sets of matched intensifying screens. These 
are now available commercially. 

It has been reported that approximately 
65 per cent of American radiologists have a 
linear tomographic device available for 
their use," thus making plesiosectional 
tomography applicable for use by this 
group. 

lhe immediate advantage of plesiosec- 
tional tomography over polytomography is 
that ordinarily only 2 roentgenographic 
exposures are made on each side as opposed 
to IO to 14 by the Polytome method re- 
ported by Everberg.™5 Other users of the 
Polytome take 15 to 18 exposures of both 
sides simultaneously. The reduction in 
roentgenographic exposure using plesio- 
sectional tomography is obvious. In addi- 
tion, the plesiosectional tomography expo- 
sure 18 of 2 seconds duration as opposed to 6 


seconds on the Polytome. This has meant 
that no anesthesia and little or no sedation 
have been needed in almost all the children 
in this group examined bv plesiosectional 
tomography. These are frequently neces- 
sary when using a long exposure and immo- 
bilization time. In polytomography, the 
procedure is prolonged because of the nec- 
essity to await roentgenographic tube cool- 
ing after each 6 exposures done at a rate of 
2 per minute. 

Since 1952, several radiologists have 
reported on the normal and abnormal find- 
ings in the middle and inner ear regions. 
Samuel and Theron” described the roent- 
genographic appearance of the ossicular 
structures and the findings in several ab- 
normal cases, but felt that tomography was 
of no value. Frey anc Miindnich" in 1957 
described in detail some of the abnormal 
bone findings in deafness and other oto- 
logic problems, and Everberg ef 4/.5 9 *^ 
have published several articles on their 
investigations in cases of unilateral deaf. 
ness in children; these investigators utilized 
tomographv. 

Other abnormal findings in the temporal 


Vor, 97, No, I 


bone of patients with deatness have also 
been reported by Camp and Allen, James 
ea and Sola” 

With the availabilitv of plesiosectional 
tomography, it was decided to study roent- 
genographically the temporal bones of a 
large group of children with congenital 
neurosensory deatness. These children were 
being seen by the otologic and audiologie 
service of St. Christopher's Hospital for 
Children, Philadelphia, Pennsylvania. 

This facility provides a center for the 
evaluation of auditory problems, recom- 
mendation of therapy for the condition 
involved and at least a start toward aural 
habilitation or rehabilitation, depending 
upon the etiology of the underlying abnor- 
mality. All of the patients seen are children, 
although some of their parents with similar 
conditions have also been evaluated by us 
in an attempt to discover anv possible 
hereditary or familial link. A large percent- 
age of this group of children has neuro- 
sensory hearing loss. The diagnostic facili- 
ties include complete pediatric, otologic 
and audiologic evaluation, The evaluation 
of the type of hearing loss present leads to 
recommendations concerning the tvpe of 
hearing aid to be used and the best type of 
training program for the individual in- 
volved. If hearing loss 1s found to be irre- 
versible, a language training program 1s 
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instituted. This involves a multisensory 
approach to communication involving kin- 
esthetic sense, visual, tactual and, if pos- 
sible, any auditory sensation present. In 
cases with bone abnormalities of the tem- 
poral area associated with hearing loss, the 
use of hearing aids has been eliminated 


since these patients are found not to re- 
spond, 


ROENTGEN FINDINGS 


Everberg^? has reported several groups 


of roentgenographic abnormalities of the 
temporal bone. These included the absence 
of the inner ear cavity or portions thereof, 
absence of the cochlea with the vestibule 
and lateral semicircular canal making up 
one large cavity and atresia of the internal 





Fic. 2. (4 and B) A more posterior section shows the crista falciformis (6) to good advantage in the medial 
xortion of the internal auditory canal. The vestibule (3) and promontory (9) are also well seen. 
Lil ad L4 P 
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hic. 3. (4 and B) The vestibule, semicircular canals and oval window (2) are satisfactorily visualized as are 
the ossicles (1) and roof of the external auditory canal (8). 


auditory canal.’ Many of his cases of uni- 
lateral deafness were telt to be of congenital 
origin. Others were thought to represent 
residua of various forms of infection. 

Knowledge of the normal anatomic 
structures in the temporal bone is vital to 
an understanding of the abnormalities 
which may be encountered. 

Plesiosectional tomography of the tem- 
poral bone reveals considerable anatomic 
detail in the normal patient. 

The bony margins of the external audi- 
tory meatus and canal can be well visual- 
ized. The bony canal is the medial two- 
thirds of that structure and in the antero- 
posterior projection this bony tube is 
shghtly irregular and narrows medially. 

The superior portion of the tympanic 
membrane 1s attached to the medial extent 
of the roof of the external canal (Fig. 1, Æ 
and B; 2, 7 and B; and 3, AZ and B: Table 
1, no. 8). From this point, a short bony 
plate can be seen extending superolaterally. 
This represents the lateral wall of the attic. 
(Fig. 1, Æ and B; Table 1, no. 7). 

Occasionally, the tympanic membrane 
itself can be identified, since it contrasts 
with air on either side. 

The middle ear or tympanic cavity pre- 
sents as a relatively radiolucent area since 
tis air-containing and slightly deeper in 


anteroposterior dimension than the adja- 
cent external canal. The ossicular mass can 
be seen in its upper portion (Fig. 1, ;7 and 
B; 3, dand DB; and 4, Zand B; Tablet, no. 
1). In the anteroposterior projection a 
considerable portion of the malleus and 
incus are superimposed. The head of the 
malleus obscures the body of the incus and 
the manubrium les anterior to the long 
process of the incus. The long process of the 
incus 1s occasionally seen protruding medi- 
ally toward the oval window. Rarely, the 
short process of the incus can be seen lateral 
to the head of the malleus. Although the 
presence of the stapes can be suspected on 
occasional plesiosectional tomograms ot the 
temporal bone, we do not feel that this 
structure is visualized satisfactorily enough 
to make anv statements as to its position or 
condition. 

The hvpotvmpanum and origin of the 
eustachian tube can be identified on ante- 
rior sections through the middle ear cavity. 
The hypotympanum, appearing beneath 
the promontory of the cochlea (Fig. 2, Æ 
and B; Table 1, no. 9g) on these sections, 
varies considerably in extent and configura- 
tion. This region is occasionally quite large, 
giving the middle ear cavity a medial exten- 
sion rather than its usual tilted, but gen- 
erally rectangular, configuration (Fig. 1, 


Ne 
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lic. 4. (4 and B) The cochlea (11) ts better seen on this more anterior section. The ossicles (1), oval window 


A and Brand gad and Bf Tablet, no. 36). 

The jugular fossa also shows a variable 
appearance. Ordinarily, the region of the 
jugular bulb lies beneath the posterior 
portion of the medial aspect of the middle 
ear cavity and is separated from it by a 
thin bony plate (Fig. 6, Æ and P). 

The bony portion of the pharyngotvm- 
panic canal or eustachian tube can often be 
seen extending medially in an almost hort- 
zontal course beneath the promontory of 
the cochlea, in sections anterior to the 





Fic. §. : : 
the meatus well visualized. The promontory with the hypotvmpanum (10) below the oval window (2), 
vestibule (3) and semicircular canals (4) above are all well seen. 


(2) and vestibule (3) are also satisfactorily delineated. 


jugular fossa and posterior to the carotid 
canal. More anterior sections show the 
carotid canal as it forms the medial aspect 
of the anterior wall of the tympanic cavity. 

As noted earlier, the ossicles can be seen 
in the attic region between the tympanic 
antrum and tympanic cavitv. The antrum 
itself is an irregular radiolucent area usu- 


diameter. This space can be seen in the 
anteroposterior projection just lateral to 
and above the level of the lateral semicircu- 





(4 and B) This more posterior section shows the internal auditory canal (5) with the posterior lip of 
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Fic. 6. Cf and B) A further posterior section discloses the superior margin of the jugular fossa (arrows) form- 
ing the medial portion of the floor and posterior wall of the midd.e ear space. 


lar canal. Measurements above 12 mm. in 
diameter in this proJection found in pa- 
tients with sclerotic or diseased mastoid air 
cells should suggest the possibility of bony 





Fic. 7. C4 and B) A child with bilateral congenital 
neurosensory deafness shows marked narrowing of 
the internal auditory canals. These structures mea- 
sure less than 1.5 mm. in height. 


breakdown and cholesteatoma formation.’ 
The bony labyrinth hes medial to the 
tympanic cavity and consists of the semi- 
circular canals, vestibule and cochlea. 
Only the lateral and superior semicircu- 
lar canals are visualized, while the posterior 
semicircular canal is usually not outlined 
by this method of studv. The canals, as well 
as the remainder of the bony labyrinth, are 
visualized as relatively radiolucent struc- 
tures because of their soft tissue content 
and bony supporting structure (Fig. 5$, 7 
and B; Table 1, no. 4). At the junction of 
the superior and lateral semicircular canals 
lies the bony vestibule which contains the 
sacculus and utriculus. Roentgenographi- 
cally, the vestibule is a round radiolucent 
structure, measuring 2 to 3 mm. in diam- 
eter in the normal temporal bone (Fig. 1, 
A and B;2, 4 and B; 4, £A and B; and 5,4 
and B; Table 1, no. 3). Enlargement of this 
region has been seen in patients with neuro- 
sensory deafness as will be described later. 
On the lateral aspect of the vestibule a 
break in the bony ring can be seen in ap- 
proximatelv 80 per cent of patients ex- 
amined by  plesiosectional tomography. 
This apparent break in the bonv ring is due 
to the presence of the oval window or 
fenestra vestibuli (Fig. 3, 47 and B; 4, dand 
B; and 5, 4 and B; Table 1, no. 2). The 
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discontinuity of the bone is rarely over 1.4 
mm. in height. Occasionally, the bony ring 
will appear continuous but thinned in this 
region and it may be that the foot plate of 
the stapes is being visualized since that 
structure normally occludes the oval win- 
dow. 

The bony cochlea itself can be well visu- 
alized on the more anterior sections (Fig. 4, 
Aand B; Table t, no. 11). The spiral lamina 
of this organ can be easily identified by its 
unmistakable appearance. The medial por- 
tion of the cochlea overlies the internal 
auditory canal in the anteroposterior pro- 
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jection. The coils of the spiral lamina can be 
followed and variations in its structure 
have been found to be significant in con- 
genital deafness problems. 

The roentgenographic appearance of the 
internal auditory canal has been thoroughly 


reviewed by several authors,^! 1*?1?5 and 
the components of its structure are well 


delineated in these examinations (Fig. 5, A£ 


and B; Table 3, no. 5). The lateral bony 
wall or lamina cribrosa, which is common 


rinth to the internal auditorv canal. These 
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Fic. 8. (Zand B) Bilateral congenital neurosensory deafness with marked enlargement of the right vestibule 
and incorporation of the horizontal and a portionof thesuperiorsemicircular canal withinit. Therightinterna! 
auditory canalis narrow, The left internal auditory canal is quite narrow and presents a slit-like appearance. 
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lic. 9. (Æ and B) One of 2 cases showing marked 
widening and shortening of the internal auditory 
canals. Both bony vestibular margins are enlarged. 


perforations cannot be visualized roent- 
genographically. The important point of 
the orientation of the meatus has been 
thoroughly reported upon by Valvassori 
and it is necessary for the radiologist to 
realize that we are only seeing the posterior 
lip of the meatus, while the anterior edge 
blends with the petrous apex. 

The crista falcitormis or bony plate sepa- 
rating the seventh and eighth nerves in the 
canal is frequently well demonstrated (Fig. 
2, £ and B; Table 1, no. 6). 

The size of the internal auditorv canal is 
felt to average 4 to § mm. in height with 
less than 1 mm. in difference between the 
sides in almost all patients. The length of 
the canal measured from the lamina cri- 
brosa or bonv plate separating the vestibule 
from the internal auditory canal averages 7 
mm. to the posterior lip with occasional 

'ariation of less than 2 mm. between the 
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sides. Variations of more than 2 mm. should 
be viewed with extreme suspicion since the 
thinner posterior wall may be the initial 
site of demonstrable bony destruction bv 
eighth nerve tumors. 








Fic. 10. (Æ and B) This patient with unilateral con. 
genital deafness shows a round sac-like cochlea 
with absence of a normal spiral lamina. The facial 
canal can be seen above and lateral to the deformed 
cochlea. In addition, the vestibule and semicircular 
canals were absent and a deformed ossicular mass 
can be seen laterally. These findings were cor- 
roborated at operation, 
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MATERIAL 


Initially, sc children with congenital 
neurosensory deafness were examined by 
this method. Later, 7 parents were also 
studied. Of this group, 6 children and 1 
adult were found to have roentgenographi- 
cally recognizable bone abnormalities of 
different types. Involvement of the internal 
auditory canals was noted in several cases. 
Both unilateral and bilateral narrowing was 
seen. In these cases, the canals measured 
less than 1.5 mm. at their widest portion, a 
diameter whica is below that considered 
normal (Fig. 7. Æ and B; and 8, 4 and B). 
The length of the canals was normal in 
these cases. Two cases were discovered with 
markedlv shortened, wide canals with a 
depth of 4 mm. and width of 9 mm. (Fig. 9, 
4 and B). We feel that purely on roent- 
genologic appearance these could represent 
an unusual variant of normal. However, the 
finding of congenital deafness in these pa- 
tients as well as absence of this type of ap- 
pearance in anv of a large group of patients 
seen by us is highly suggestive that this is a 
significant. abnormality of developmental 
origin. 

Absence of the cochlea, previously re. 
ported oy Everberg, was also found in 1 
patient. [In addition, a second patient 
showed a deformed cochlea (Fig. 10, Z and 
B). The outer or first coil of the spiral 
lamina was present as a very thin bony 
circle and the remainder of the bony coch- 
lea was not visualized. roentgenographi- 
cally. At surgery, a deformed saccular 
cochlea whose configuration matched the 
roentgenographic findings was found. 

One of the most interesting tvpes of 
anomaly in this group has also been previ- 
ously reported by Everberg. This involves 
the bony vestibule and presents as marked 
enlargement with a diameter of up to 8 mm. 
The enlarged vestibule incorporates vary- 
ing portions of the bony framework of the 
semicircular canals, particularly the hort- 
zontal (Fig. 8, 7 and B; and 11,.47 and B). 

A similar abnormality has also been 
recently found in an 11 vear old boy with 
unilateral deafness. Clinically and histori- 
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Fic, 11. (4 and B) An additional case of unilateral 
congenital neurosensory deafness with marked en- 
largement of the vestibule and encroachment on 
the semicircular canals, 


cally, the etiology could be on a congenital 
basis. 


SUMMARY 


The ability to determine fine anatomic 
detail in the temporal bone has been greatly 
enhanced by the use of plesiosectional 
tomography, a method readily available to 
many rediologists. The appearance of the 
temporal bone using this method in rormal 
patients 1s described and changes found in 
patients with congenital neurosensory deat- 
ness are presented. The finding of bone 
abnormalities in this group has been of 
value to the otologists and audiologists 
handling this type problem and has given 
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us considerable information about the 
roentgenographic appearance of the struc- 
ture of the middle and inner ear. 
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N JULY, 1964, an 8 vear old girl was ad- 

mitted to the State University of Iowa 
Hospitais with multiple injuries sustained 
in an automobile accident. Although she 
died soon after admission, numerous roent- 
genograms were obtained before death. A 
lateral roentgenogram of the cervical spine 
revealed a distance of 3.5 mm. between the 
anterior portion of the atlas and the dens 
(odontoid process) of the axis (Fig. 1). This 
raised the question of atlanto-axial disloca- 
tion. Autopsy was refused by the parents. 
A comparison of the atlas-dens interval 
(ADI) on roentgenograms taken before and 
after death revealed no change in the mea- 
surement. Stimulated bv this finding, we 
measured the interval between the atlas 
and the dens in a normal 8 year old child 
and found the same distance, 3.4 mm. A 
hurried review of the literature revealed is 
adequate study of the ADI in children! 
The present studv was then initiated. 


ANATOMY OF ATLANTO- 
ARTICULATION 


AXIAL 


The frst and second cervical vertebrae 
are functionally and anatomically different 
from the rest of the cervical spine. Flexion 
and extension of the head occur at the 
articulation between the occipital condyles 
and the facets of the atlas. No rotational 
movement occurs at this point. Movement 
occurring at the atlanto-axial articulation 
is primarily rotational (three-quarters of 
all rotational movement), although about 
to degrees of flexion can occur at this point. 

Common anomalies of the dens or odon- 
toid process which are confused with frac- 
tures are: failure of fusion of the summit 

epiphysis (appears at the age of 3 and 
fuses at the age of 12 vears); failure of fu- 
sion between the body of the axis and the 





Fig. i 
inch tube to i 
who was injured in an automobile accident. The 
atlas-dens interval (ADI) was initially interpreted 
as being increased. 


Lateral cervical spine roentgenogram {40 
film distance) of an 8 year old female 


odontoic process; and agenesis of the odon- 
toid process. 

A knowledge of the major ligaments of 
the atlanto-axial articulation is necessary 
to understand how difficult, if not impos. 
sible, ıt is for trauma to produce a sub- 


luxation at this level (Fig. 2). The major 
ligaments are: (1) The lateral : ilar-odon- 


* Presented in summary to the Society for Pediatric Radiology, September 28, 1964, Minneapolis, Minnesota, 
From the Department of Radiology, State University of Iowa College of Medicine, Iowa City, lowa. 
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UPPER VERTICAL LIMB 
OF CRUCIFORM LIG. pene HYPOGLOSSAL CANAL 









_LATERAL ALAR ODONTOID 
S... OR CHECK LIG. 


—TRANSVERSE LIG. OF ATLAS 


"CRUCIFORM LIG. 


ACCESSORY SN x 
DEEP PORTION OF TECTORIAL MEMBRANE ARTICULAR CAPSULES 







TRANSVERSE LIG. OF 


ODONTOID PROCESS 
OF AXIS 


Fig. 2. The normal ligaments of the atlanto-axial articulation. 


toid, or check ligaments, which extend limit rotation of the skull. (2) The cruciate 


from the medial aspect of the occipital ligament consisting of the transverse lig- 


- 


condyles obliquely to the upper lateral ament of the atlas which originates from 
aspect of the odontoid. Their purpose is to the lateral masses of the atlas and crosses 





Fic. 3. (4, B and C) Lateral cervical spine roentgenograms (40 inch tube to film dista nce) of a normal 8 year 
old female in neutral, flexion and extension positions. The atlas-dens interval (ADI) is similar to that of 
the in'ured child, 


VOL. 97, Noi 


behind the odontoid process. The cruciate 
ligament sends fibers superiorly to the 
anterior margin of the foramen magnum 
and inferiorly to the posterior surface of the 
body of the axis. When all other ligaments 
are severed, the transverse ligament will 
still hold the odontoid process close to the 
anterior arch of the atlas. Tremendous 
force is required to rupture the transverse 
ligament. Usually, atlanto-axial subluxa- 
tion is accompanied by a fracture of the 


odontoid process, rather than a rupture of 


the transverse ligament. 


PURPOSE AND METHODS 


Lateral roentgenograms of the cervical 
spine in 200 normal children were analyzed 
for the following purposes: (1) to attempt 
to describe a frequency distribution of 
ADI measurements in normal children 
which could be used as a baseline to evalu- 
ate injured children; and (2) to see if sex, 
age, flm to tube distance, position, auc 
reader error had any significant effect upon 
ADI measurements. The age range was 
from 3 to 15 years. The lower limit of 3 
years was selected because the summit epi- 
phvsis of the odontoid process is not pres- 
ent earlier, and adequate roentgenograms 
are more difficult to obtain in younger 
children. One hundred were done in the up- 
right position using a 72 inch tube to film 
distance. 

Another 100 studies were done at a 4o 
inch tube to film distance with the patient 
supine and films exposed with a horizontal 
beam. These positions were selected be- 
cause the supine studies are usually util- 
ized in trauma investigations, while chil- 
dren with inflammatorv disease are ex- 
amined upright. Lateral roentgenograms 
(Fig. 3, -4-C), were taken in neutral posi- 
tion (2), flexion (B), and extension (C). 
The ADI was measured separatelv bv two 
readers (L and G) on all roentgenograms. 
The interval measured was from the poste- 


rior inferior portion of the anterior arch of 
the atlas to the adjacent anterior border of 


the dens (Fig. 4). Neither reader watched 
the other measure the ADI. Calipers were 
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Fic. 4. A normal cervical spine showing the distance 


measured (broken line) between the posterior 
inferior portion of the anterior arch of the atlas 
and the anterior border of the dens. 


used to transfer the measurement to an 
accurate 1 mm. ruler. Measurements were 
taken to the nearest 0.§ mm. 


RESULTS 


The data were analvzed bv the statistical 
department of our medical school. No signif- 


icant difference was found for age (4 
groups: 3-5 vears, 6-8 years, 9-11 vears, 


and 12-15 vears) or sex. Histograms were 
used to demonstrate the frequency distribu- 
tion of the ADI a this group of 200 children 
(Fig. 5, 44-D). Changes in position, film to 
tube distance and variance 1n reader mea- 
surements interacted in such a wav that 
specific conclusions regarding these factors 
are difficult to make. We are, however, 


justified in making the following state- 


ments: In the supine roentgenograms made 
with a 40 inch tube to film distance, no 
child had an ADI of more than 4 mm. 
Using the 72 inch tube to film distance and 
the upright neutral position, one child had 
an ADI of ; mm. There was no history of 
trauma, arthritis or pharvngeal infection. 
This represents the largest ADI found in a 
normal child in anv position. 

The effects of change in position can be 
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Fic. 5. (4-D) Histograms showing the distribution of the atlanto-dental interval (ADI) measurements in 200 
normal children. One hundred children were examined with a 40 inch tube to film distance and a horizontal 
beam while in the supine position. One hundred other normal children were examined in the upright 


position with a 72 inch tube to film distance. 


stated in general terms as follows: Flexion 
at both the 72 and the 40 inch tube to film 
distances tended to increase the ADI as did 
extension at the 40 inch tube to film dis- 
tance for one of the readers (L). Extension 
at the 72 inch tube to film distance tended to 
decrease the interval. The changes in mea- 
surement are shown in Table 1. It appears, 
therefore, that films should be exposed in 
neutral position. 

Tube to film distance did not affect the 
ADI in the neutral and flexion positions. 
In the extension position, however, there 
was a statistically significant difference for 
both readers. It is our opinion that the 
magnification factor can be ruled out be- 


cause of the neutral and flexion position re- 
sults. The cause most likely was related to 
method of acquiring the cervical extension 
with the child supine. Clinically, this 
would not be a problem as extension studies 
are rarely obtained initially in trauma in- 
vestigations. 

In all combinations but one (40 inch 
tube to film distance with extension) one 
reader (L) tended to find higher values 
than the other (G). The mean difference 
was 0.25 mm. (Table 11). 

Atlanto-axial subluxation occurs in clin- 
ical conditions other than trauma.** The 
pharynx has lymphatic connections with 
the articulation between the atlas and the 
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TABLE | 


VARIATION OF THE ATLAS-DENS INTERVAL (ADI) MEASUREMENT WITH CHANGE IN POSITION AND THE 
TUBE TO FILM DISTANCE AS MEASURED BY 2 DIFFERENT READERS 











Distance No. of Times No. of Times Sign* Test ; 

(inches) Reader a>b a<b Result SOBCKUmON 
72 L 452 38 16 fw P <.o1 F>N 
23 G F>N 3o 20 N.S. F=N}F>E 
72 L N>E 41i 18 P «.o1 N>E 
72 G N>E 39 25 P <.05 N>E 
40 L F>N 46 17 P «.o1 F>N 
40 G F>N 21 lO N.S. F=N F-E 
40 L N>E 16 49 P ot N «E 
40 G N>E 6 56 P< 01 N<E 

* P <.o1=statistically significant difference at the .or level. 

P «.05 statistically significant difference at the .05 level. 


N.,S. — no statistically significant difference. 
N = neutral position; F= flexion; E — extension. 


axis. Consequently, infections in the ton- 
sils, middle ear, teeth and nose may drain 
into the cervical spine area. With such in- 
volvement, hyperemia occurs, especially at 
the attachments of the ligaments of the 
articulation. With hyperemia, bone is re- 
sorbed and the transverse ligament may 
pull loose from its attachment to the atlas. 
With excessive motion or minimal trauma, 
atlanto-axial subluxation may occur. When 
the cervical spine is involved by rheuma- 
toid arthritis or Strümpell-Marie disease, 
hyperemia also occurs and a similar clinical 
subluxation may be demonstrated. The 
detachment of the transverse ligament may 


TABLE II 
DIFFERENCE BETWEEN MEASUREMENTS 
OF 2 DIFFERENT READERS 


Distance 2 L-G* Sign Test 

(che) 99808 (mm Result 
7A N + .26 P< ori 
72 F +H. 54 P<.o1 
72 E +.18 P<.o5 
40 N +-.24 P <.o1 
40 F d-.44- Peo 
40 E —.10 N.S. 


* Difference between L and G readers. N= neutral position; 
F= flexion; E= extension, 


occur at any time during the course of the 
disease. It is important to note that there is 
no definite correlation between the amount 
of subluxation and the presence or absence 
of clinical symptoms or signs. Young 
children with rheumatic fever may also 
have a similar mechanism of subluxation. 
Cases of subluxation of the atlas on the 
axis have been reported with minimal 
trauma when there is agenesis of the odon- 
toid process. Usually, there is less damage to 
the spinal cord when the subluxation is ac- 
companied by fracture or agenesis of the 
odontoid process. This is because most neu- 
ral damage is done by the compression of 
the spinal cord between the posterior arch 
of the atlas and the odontoid process. With 
rotation of the cervical spine, apparent 
narrowing of the atlanto-vertebral for- 
amen occurs. Consequently, erect antero- 
posterior positioning is of great importance. 


SUMMARY AND CONCLUSIONS 
The atlas-dens interval (ADI) was mea- 


sured on lateral cervical spine roentgeno- 
grams in 200 normal children, ages 3 to 15 
years. One hundred examinations were 
done at a 40 inch tube to film distance with 
the child supine, and another 100 at 72 inch 
tube to film distance with the child sitting. 
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Flexion, neutral and extension roentgeno- 
grams were obtained and analyzed. 

I. At the 40 inch tube to film distance 
with the patient supine and the head in 
neutral position, no child in our series had 
an ADI greater than 4 mm. Therefore, a 
measurement greater than 4 mm. should 
alert one to the possibility of atlanto-axial 
subluxation. 

2. At the 72 inch tube to film distance 
with the patient erect, there was a ; mm. 
ADI in a normal 15 year old boy. This was 
our maximum normal ADI at this distance. 

3. Age and sex are not statistically signi- 
ficant factors in evaluating the ADI; how- 
ever, position can influence the measure- 
ments. Therefore, the neutral position is 
recommended for measurement. 

4. The mean difference in measurements 
between readers was 0.25 mm. in neutral 
position. 

5. Other signs of atlanto-axial subluxa- 
tion are: (a) increased soft tissue anterior 
to cervical spine; (b) greater than 1o de- 
gree flexion between the atlas and axis; (c) 
compensatory curve of the lower cervical 
spine; and (d) narrowing of the atlanto- 
vertebral foramen. 


G. R. Locke, J. I. Gardner and E. F. Van Epps 


May, 1966. 
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NORMAL INTERPEDICULATE DISTANCES (MINIMUM 
AND MAXIMUM) IN CHILDREN AND ADULITS* 


By VINCENT C. HINCK, M.D., WILLIAM M. CLARK, Jr., M.D., 
and CARL E. HOPKINS, Pu.D. 


PORTLAND, OREGON 


IX 1934 Elsberg and Dyke? published 
normal values for interpediculate dis- 
tances as determined on roentgenograms of 
the adult human spine. Results were ex- 
pressed as “usual upper limits” and “‘ex- 
treme upper limits" of normal but the 
method by which these limits were deter- 
mined was not defined. Their use in diag- 
nosis of intraspinal tumor was demon- 
strated. 

In 1953 Landmesser and Heublein® pre- 
pared measurements of interpediculate dis- 
tances using roentgenograms of selected 
children from the population of a home and 
hospital for crippled children. Data were 
published as ranges of normal without 
reference to mean values or variance. 

In 1955 Simril and Thurston? published 
maximum and minimum normal inter- 
pediculate distances of infants and children. 
Their subjects were grouped according to 
"estimated physical age" by use of the 
Wetzel grid and their norms expressed as 
maximum and minimum for 3 age groups 
(1 day to 2 months; 2 months to 2 years; 
and 2 years to I2 years). Although they 
included minimum norms, they made no 
specific reference to their practical value 
nor did they describe the method of data 
analysis by which they arrived at values 
for maximum and minimum normal. 

The following year Schwarz’ published 
"extreme upper limits" of normal inter- 
pediculate distances in children and adults, 
adding measurements of the sacral spinal 
canal. To our knowledge, these have been 
the only attempts to establish normal 
ranges for interpediculate distances. 

These pioneer studies have established 
the clinical value of the interpediculate 
measurements in the diagnosis of intraspi- 


nal tumors at all ages. There is need, 
however, for a more definitive delineation 
of the range of normal interpediculate dis- 
tances, particularly with regard to the 
variability of their values in any given age 
group at the various spinal canal levels. 


PURPOSE OF INVESTIGATION 


The present investigation was under- 
taken to provide refined maximum normal 
interpediculate measurements for use in 
diagnosis of intraspinal tumor and mini- 
mum norms for recognition of spinal canal 
stenosis. Since use of interpediculate mea- 
surements in tumor diagnosis needs no 
endorsement, emphasis will be on diagnosis 
of stenosis. 


METHOD 


The roentgenographic files of the Univer- 
sity of Oregon Medical School were sys- 
tematically searched for anteroposterior 
spine roentgenograms of white patients. 
The roentgenograms were screened for 
readability and attempt was made to elim- 
inate subjects with significant anomalies 
and other problems likely to influence 
growth and development. This selection was 
made to minimize bias introduced by use of 
a hospital population. Studies selected for 
measurement were classified by sex and by 
age to the nearest month. (Technique: 
target-film distance- 40 inches.) All mea- 
surements were made by one of the authors 
using calipers and were recorded to the 
nearest tenth mm. Interpediculate distance 
(hereinafter IPD) was considered the short- 
est measurement between the medial sur- 
faces of the pedicles of a given vertebra. 

IPD measurements were made on 474 
roentgenograms, including 353 of children 


* From the Departments of Radiology and Pediatrics of the University of Oregon Medical School, Portland; and the School of Public 


Health, University of California, Los Argeles, California. 


Supported by the Easter Seal Research Foundation of the National Society for Crippled Children and Adults. 
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TABLE IA 
MEAN INTERPEDICULATE DISTANCE (IPD) OF EACH VERTEBRA BY AGE 
Male and Female Combined (mm.) 
Age Group (yr.) 

3) 4. 5 6, 7, 8 13, 14 15, 16 17, 18 Adult 
Age ( yr.) d Het 13.6 19.5 >18 
26.0 2712 27, 28.0 

26.8 28.3 28.7 28.8 

27.2 28.6 29.1 29.4 

27.6 28.5 29.1 29.3 

26.4 25,5 27.6 28.0 

22.4 25.4. 23.5 23.4 23.1 24.0 

18.9 20.0 19.8 20.1 19.8 20.5 

17.6 18.4 18.1 19.7 18.4 18.8 

17.0 17.6 157.9 18.1 17.8 18.1 

16.8 16.9 16.8 12.9 Iob 17.6 

16.7 16.5 16.8 17.8 15.5 104 

16.9 16.5 16.8 18.2 P4 17.4 

17.6 16.7 19.3 I8.4 18.0 17.7 

17.8 17.0 17.4 18.7 18.3 18.2 

18.1 17,9 17.7 18.8 18.8 15.7 

19.2 18.5 18.9 20.3 20.0 20.2 

21,2 21:92 4 QS. T 22.8 23.2 

21.8 23.6 23.7 24.5 25.0 

21.9 23.2 23.4 24.4 25.5 

22.4 23.8 24.0 24.8 26.0 

$2.3 24.8 259 26.1 26.9 

26.5 28.3 29.1 29.6 29.7 





(under the age of 19 years) and 121 of 
adults. The first 2 cervical vertebrae were 
excluded as unmeasurable and sacral mea- 
surements were omitted for want of an 
adequate sample. Since the roentgenograms 
had been taken for purposes other than 
this study, it was not possible in all cases 
to visualize the entire spine for measure- 
ment. Hence, the sample size varies from 
vertebra to vertebra. In general, the lumbar 
segment is most heavily represented and 
the cervical the least. 


MEASUREMENT ERROR 


Eighty-nine duplicate measurements 
were made, independently and at different 
times, in g different cases. The differences 
between duplicates ranged from zero to an 
extreme of 3.6 mm. The median absolute 








error was 0.26 mm. and, because of a few 
extremes, the mean difference was 0.40 
mm. Of the 89 duplicates measured, 10 per 
cent had zero error, 50 per cent had less 
than 0.26 mm., 75 per cent had less than 
0.50 mm. and go per cent had less than 1.0 
mm. error. 


RESULTS 


IPD mean values and standard devia- 
tions were computed for each vertebral 
level separately by sex and for broad age 
groupings (3, 4, 556, 7, 8; 9, IO; 11, 12; 13, 
I4; 15, 16; 17, 18 years and adult). Age 
group mean values are given disregarding 
sex in Table 1A, for males only in Table 1B 
and for females only in Table 1C. Standard 
deviations and sample sizes for each age 
group are given in Table n, male and fe- 
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Fic. 1. Mean interpediculate distance (IPD), each 
vertebra, age 3, 4, 5 years and adult, by sex. 


male combined, corresponding to the mean 
values in Table 1A. 

The relative importance of age and sex in 
determining mean IPD can be seen in Ta- 
ble 1, or more easily in Figure 1, in which 
IPD mean values are plotted for each sex 
and for the two age extremes, 3, 4, 5 years 


Normal Interpediculate Distances 





1 1 3 4 d 
limiet 


3 4 58 @ 7] ) & 34» 4 5 €  &€ 5 BU R 
pe Co ricol—~4 Thorutit 








Fic. 2. Mean interpediculate distance (IPD), each 
vertebra, 5 age groups, sexes combined. 


and adult. It is evident that average male 
measurements are consistently larger than 
female by about 1 mm. The age difference 
is more striking, the growth being about 3 
to 5 mm. from age 3, 4, 5 to adulthood. 
Some irregularities in the age-sex curves, 
e.g., cervical for females age 3, 4, 5, are due 








TaAsaLr IB 
MEAN INTERPEDICULATE DISTANCE (IPD) OF EACH VERTEBRA BY AGE 
Male (mm.) 
Age Group (yr.) 

g, 10 Iis I2 Adult 
9.4 11.6 >18 
26.9 26.0 28.6 
29.5 27.9 29.5 
27.6 27.0 30.3 
29.9 27.2 30.2 
26.2 26.0 29.3 
25.8 .8 25.1 
20.4. 40 21.4 
19.0 .8 ; 19.6 
18.2 6 .© 18.8 
17.4 si a 18.2 
18.8 -4 x 17.8 
16.5 4 6 17.8 
16.7 6 23 18.0 
17.0 .8 .6 18.6 
17.8 ES jx 19.I 
18.8 :9 .8 20.4 
21.3 -8 2 23.5 
23.3 24.5 25.9 
23.5 24.6 26.5 
94.1 25.1 26.8 
24.8 26.0 27.6 
28.4 30.1 30.7 
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Tase IC 
MEAN INTERPEDICULATE DISTANCE (IPD) OF EACH VERTEBRA BY AGE 
Female (mm.) 
Age Group (yr.) 
3545 6, 7, 8 9, 10 17, 18 Adult 
Age (yr.) 4.2 752 9.6 17.6 18 
Fertebra 

C3 2971 25. 24.8 26.6 27.4 
4 22.2 26.0 25.6 7.0 28.2 
5 22.3 26.4 25.9 27.9 28.7 
6 23.6 26.7 26.0 28.0 28.6 
7 24.0 25.5 26.3 26.1 2. 
Tr 19.8 22.1 23.1 23.0 22.6 22.3 22.4 23.1 
2 16.6 18.2 10:7 18.8 19.6 18.9 Ig.I 19.8 
3 1550 17.0 17.9 17.8 18.3 17.6 17.9 18.2 
4 14.6 16.3 17.1 16.6 17.8 16.9 17.4 17.4 
5 14.6 16.3 16.6 16.0 17:2 16.8 17.1 17.1 
6 14.5 16.1 16.3 15.9 17.4 16.5 16.9 16.9 
7 14.7 16.3 16.5 16.1 17.8 16.6 17.4 17.0 
8 15.0 16.9 16.6 16.4 18.0 16.8 17.8 17.4 
9 1f.1 I9. 16.9 16.8 18.1 17.5 18.2 17.9: 
IO 16.4 17.5 17.1 Igi 18.2 15.7 18.7 18.4 
II 16.5 18.0 18.2 18.4 19.8 19.2 19.9 20.0 
I2 1931 20.9 2I.I 20.9 22.8 21,57 22.5 22.9 
i 20.1 22.5 22.2 22:7 23.0 24.1 24.3 
2 20.0 22.6 22.3 23.6 2376 24.2 24.9 
3 20.2 23.2 22.8 24.6 24.4 24.5 25.4 
4 DIT 24.7 24.2 26.9 26.4 25.8 26.4 
5 23.9 28.2 28.5 30.4 28.6 29.5 29.0 





to different sample sizes obtained in this 
refined breakdown. Since the sex effect is 
an order of magnitude less than that of age 
or clinical significance, 1t was decided to 
present the "normal" tolerance ranges ir- 
respective of sex. 

The effect of age, with sexes combined, 
can be seen in Figure 2. The mean values 
for ages 3, 4, 55 9, 10; 13, 145; 17, 18 years 
and adult are plotted. There is a steady 
progression of mean IPD of all levels with 
age. In the cervical segment there is a 
substantial increase from age 3, 4, 5 to 
age 9, Io (about 2 mm.) and another in- 
crease (1.5 mm.) to age 13, 14; thereafter, 
there is slight increase. In the thoracic seg- 
ment the main growth again takes place in 
the early years from 3, 4, 5 to 9, 1o and this 
early growth is still more marked in the 


lumbar segment, the average increase from 
the 3, 4, 5 to 9, 10 age group being nearly 
3 mm. 

The interperson variability, represented 
by the standard deviation (Table 11), is 
reasonably constant for age and sex but 
varies considerably by vertebra. The cer- 
vical vertebrae are about equally variable, 
having standard deviations of 1.4 to 2.8 
mm. There appears to be a slight increase 
in variability in the upper ages, attributa- 
ble perhaps, in part, to the increased diffi- 
culty of visualization, as well as to the 
greater differences in general somatic size. 
The age group 11, 12 years was consistently 
more variable than any other age. This 
increased variability comes mainly from 
males who have standard deviations of 3 
mm. and more in this age group. Since this 
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is the period of onset of the skeletal growth 2 and 3. This is due to the fact that al- 
spurt for some boys, it is assumed that the though the IPD's of L4 and 5 are generally 
increased variability is reflecting individual larger than those of Li, 2, ie 3 in a few 
differences in. the timing of this growth. instances they are actually smaller. 
Interperson variability in. the thoracic Norms for use in clinical appraisal have 
segment is least in the vertebrae with been constructed by computing, for each 
smaller IPD measurements (3-10) and vertebra and each age group, go per cent 
uniform across the ages, with the exception tolerance ranges based on the combined 
of a slight increase in variability in the 13, male and female samples (Table 111, Fig. 3, 
14 age group, related most probably to  ,7-7). These tolerance ranges are the low 
individual differences in growth at this and high limits within which the central 
period. The vertebrae with larger mea- go per cent of “normals?” may be expected 
surements (1, 2, 11, 12) are slightly more to fall Only 5 per cent of “normals” 
variable. should be below the low limit and only 5 
In the lumbar segment, there is a slight per cent above the high limit. The width 
trend of increasing variability with age, but of these ranges varies somewhat from age 
the most striking feature is a uniformly group to age group and from vertebra to 
greater variability in L4 and 5 than in 1, vertebra because of 2 relevant factors: the 
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Taste III 
TOLERANCE RANGE (gO PER CENT) OF INTERPEDICULATE DISTANCE (IPD) OF EACH VERTEBRA BY AGE 


Male and Female Combined (mm.) 
Age Group (yr.) 





3, 4, 5 6,7,8 9, IO II, I2 13, 14 15, 16 17, 18 Adult 

Vertebra 
C3 18-29 22-30 21-32 20-32 24-31 25-31 
4 I9g~30 23-31 21-32 21-33 25-32 26-32. 
c 20-31 23-31 22-32 21—33 25-32 26-33 
6 20-31 24—31 22-32 21-33 25-32 26-33 
n 19-30 23-31 21-32 20-32 24-31 24-32 
TI 17-26 19-26 20-27 20-27 19-28 20-28 
2 14-22 15-22 17-24 16-24 16-24 17-24 
4 13-21 14—21 15—21 14-22 16—23 16-22 
4 12-20 14-21 I5—21 14-21 14-22 15—21 
5 12-20 13-20 I4-20 13-21 14—22 14-21 
6 12—20 13-20 14-20 I3-20 14-22 I4—20 
7 12-20 13-21 14-20 13-20 I4-22 14-20 
8 12-21 I4-2I 14-20 13-21 14-23 15-21 
g 12-21 14-21 13-21 14-21 1§-23 15—21 
IC 12-21 15—22 13-21 14—21 15-23 16-22 
II 13-22 16-23 14-23 15-22 16-25 17-24 
I2 16-24 18-25 17-45 18-25 19-27 19-27 
Li 17-24 17-27 19-28 19-27 20-27 20-28 20-29 21-29 
2 17-24 19-27 19-28 19-27 20-27 20-28 20-49 21—30 
3 17—24 17997 19-28 20-27 21-28 21-29 20-29 21—31 
4 18-25 18—28 20—29 20-28 19-33 21—30 19-33 21—33 
5 21-28 22-32 24-33 24-34 22-36 23-35 23-37 23-37 


intrinsic interperson variability (estimated 
by the standard deviation of the observed 
sample) and the sample size on which our 
estimates of mean and variability are 
based. For example, the limits for L4 and 
Ls at age 13, 14 are quite far apart because 
the variation in our sample was large 
and, in addition, our sample sizes were 
smaller. 

Averages of sample sizes and standard 
deviations of groups of vertebrae that were 
similar were used in computing tolerance 
limits by adding to and subtracting from 
the mean 2.8, 2.5, 2.3 and 2.1 standard 
deviations for estimates based on sample 
sizes of 10, 15, 20 and 30, respectively, 
following the probability tables given by 
Dixon and Massey. 

The tolerance ranges are recommended 
for clinical use as an index of suspicion of 


abnormality. Any carefully measured indi- 
vidual IPD falling outside the given limits 
should be viewed with suspicion of pathol- 
ogy or anomaly, though these limits are 
surely not stringent enough to detect all 
anomalies. Similarly, failure to exceed the 
limits cannot guarantee normalcy. 

All normal spines tend to exhibit a simi- 
lar profile of the 22 vertebral IPD's, indi- 
vidual differences being more in the over- 
all size level than in the sizes of single verte- 
brae. Thus, a case in which most of the 
vertebrae have IPD's close to the mean 
value but a single vertebra or adjacent pair 
of vertebrae is distinctly out of line should 
be viewed with suspicion even though none 
of the individual values exceeds the toler- 
ance limits. This type of abnormality may 
be suspected by comparing the shape of the 
patient's IPD curve with the normal. 
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TABLE IV 
ANTEROPOSTERIOR SPINE IPD—POSTEROANTERIOR 
CHEST IPD 


Mean Difference at Each Vertebral Level (mm.) 


Vertebra N 


Difference 


com] Qa C p 
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IPD: ANTEROPOSTERIOR SPINE VERSUS 
POSTEROANTERIOR CHEST 
ROENTGENOGRAMS 


In clinical practice, the question occa- 
sionally arises whether IPD measurements 
from a posteroanterior chest roentgeno- 
gram can be compared with normal stan- 
dards derived from anteroposterior spine 
roentgenograms. Consensus seems to have 
been that the 2 cannot be used interchange- 
ably because the IPD from the chest film 
would be considerably magnified. To the 
best of our knowledge, however, this is an 
opinion without documentation. 

Accordingly, we undertook a comparison 
of the 2 measurements by obtaining both 
posteroanterior chest and anteroposterior 
thoracic spine roentgenograms (target-film 
distances 72 inches and 40 inches, respec- 
tively) of each of Io randomly selected 
normal patients between 10 and 15 years of 
age. IPD measurements were made on both 
roentgenograms in the usual manner. Due 
to obscurity of some vertebrae on several 
chest roentgenograms, there were 89 compa- 
rable measurements instead of 120. To our 
surprise IPD measurements from the spine 
roentgenograms were /arger than those 
from the chest roentgenograms. (Silver- 
man? independently has made this observa- 
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tion.) On the average the difference was 
about 0.6 mm. 

The data were further analyzed to deter- 
mine whether there was local variation in 
this difference. The mean difference be- 
tween the 2 measurements was determined 
for each vertebra. The results are shown in 
Table 1v and illustrated in Figure 4. It will 
be noted that there are local variations of 
the mean difference; the difference is more 
striking when values for T1-3 (mean differ- 
ence of 1.10 mm.) are compared with those 
of T4-12 (mean difference of 0.38 mm.). 

It may be that variations of IPD differ- 
ence at these 2 levels are due to differences 
of relationship between spine and cassettein 
the 2 projections. When the individual is 
positioned for an anteroposterior recum- 
bent thoracic spine roentgenogram, the 
vertebral column tends to straighten but 
still retains some of its kyphotic curve. Tı 


|.1 Mean (T1,2,3) 2 1.10 mm 


GenerakMeaon- 0.57 mm 


Mean = 0.38 mm 





1 2 3 4 5 6 7 8 9 10 M $2 
Thoracic Vertebrae 


Fic. 4. Mean difference between thoracic IPD mea- 
surements from anteroposterior thoracic spine 
roentgenograms and those from posteroanterior 
chest roentgenograms; recorded for individual 
vertebrae, for subdivisions of the thoracic spine, 
and for the thoracic spine generally. 
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is farther from the film than T6 and its IPD 
is more magnified than that of T6. Con- 
versely, when positioned for an erect chest 
roentgenogram, the shoulders are hunched 
forward toward the cassette and T'1 1s clos- 
est to the cassette; T6 is farthest away. 

Since anteroposterior measurements are 
generally greater than posteroanterior mea- 
surements (f.e. more magnified) and T1 is 
the most magnified vertebra in the antero- 
posterior roentgenogram and the least 
magnified in the posteroanterior roentgeno- 
gram, it follows that the anteroposterior- 
posteroanterior difference should be larger 
for Tı than for the other thoracic verte- 
brae. Conversely, the anteroposterior-pos- 
teroanterior difference for T6 should be the 
smallest. Vertebrae between T: and T6 
should show a gradient of diminishing 
difference. Below T6, where the spine curve 
reverses and enters the “small of the back," 
the trend can be expected mildly to reverse. 
The curve of mean differences (anteropos- 
terior spine-posteroanterior chest, Fig. 4) 
does indeed reflect these expected varia- 
tions. 

Though chest roentgenograms are not 
recommended for IPD determinations, it 
would appear from the foregoing analysis 
that they can be used if necessary with 
moderate accuracy, particularly for IPD's 


below T3. 


DISCUSSION 


Stenosis of the spinal canal due to de- 
creased IPD 1s, to the best of our knowl- 
edge, virtually unexplored. Stenosis due to 
decreased sagittal diameter has been re- 
ported in the cervical spine® as well as the 
lumbar spine.5*!^ [n either instance the 
anomaly may be clinically significant. 

We undertook the determination of 
normal minimum IPD standards as a pre- 
liminary to clinical investigation of trans- 
verse spinal canal stenosis, its frequency 
and its significance. Our clinical experience 
is still limited but we can already state that 
(a) there is such an entity as developmental 
stenosis of the spinal canal with decreased 
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IPD, (b) it may, but need not be, associated 
with decreased sagittal diameter, and (c) it 
may be symptomatic. By way of illustra- 
tion the following cases are presented. 


ILLUSTRATIVE CASES 


Case 1. R.C. was a 60 year old male. Eleven 
months before admission, he first noted ab- 
dominal swelling which persisted until the time 
of admission. Six months before admission, he 
developed severe lancinating pains in the right 
upper quadrant and similar pains shooting into 
both legs. The pains lasted several seconds and 
then disappeared completely. They occurred as 
often as 10 times a day, in any position, day or 
night. He was studied at another hospital 
where he was thought to have a “right flank 
hernia" and was found to have diabetes mel- 
litus that was easily controlled by appropriate 
diet. The symptoms continued. Three months 
before admission, unsteadiness of gait and 
weakness of legs developed, causing difficulty in 
climbing stairs. He also complained of mild 
paresthesias of the soles of the feet. 

On examination, weak and flaccid abdominal 
musculature was found. This accounted for the 
apparent abdominal enlargement. Reflexes in 
the upper extremities were normal. Deep ten- 
don reflexes were absent at both ankles and the 
right knee; and reduced at the left knee. 
Babinski responses were flexor. Cremasteric 
reflex was absent on the right. Abdominal re- 
flexes were absent. Romberg's sign was nega- 
tive. Position and vibratory sensations were 
moderately decreased in the lower extremities. 
There was patchy and variable decrease in 
temperature, light touch and superficial pain 
sensations in the lower extremities. Examina- 
tion of the spinal fluid was normal except for a 
protein of 84 mg. per cent. 

Roentgen Findings. Thoracic spine roentgeno- 
grams showed mild degenerative changes in the 
middle and lower thoracic spine and a small 
posterior osteophyte at 17-8. Although there 
were no available standards for minimal IPD’s, 
it was believed that there was, at least, a rela- 
tive stenosis of the mid-thoracic spinal canal. 
Due to minimal rotation of the lateral roent- 
genogram, the sagittal diameter could not be 
viewed. Morphology of vertebrae was other- 
wise unremarkable. The IPD measurements 
have subsequently been compared with our 
normal standards and are shown in Figure 5 B 
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ase 1I. (4) Diminished IPD's, more so in the lower lumbar and sacral spinal canal. (5) Graph de- 
picts patient's measurements plotted against go per cent tolerance range for his age group. . 
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Vic. 5. Case 1. (4) Mild degenerative changes in middle and lower thoracic spine. Mid-thoracic interpedicu- 


1 
‘ 


late distances appear small. Vertebral morphology is otherwise normal. (B) Graph compares patient's 


FM 


IPD's with go per cent tolerance range of normal. There is stenosis of the spinal canal, especially between 
Tg and T10. T7 and T8 are at the lower limit of the tolerance range. 


E 


along with the anteroposterior spine roentgeno- 


gram (Fig. 6.7). 

At myelography, the contrast column moved 
freely to the upper level of T12 which it passed 
only after an appreciable interval of arrest. 
Despite a steep head-down tzble tilt, the re- 
mainder of the transit through the thoracic 
spinal canal was very slow and hesitant. After 
the contrast medium had accumulated at the 
cervical level, the table was tilted to a near- 








erect position, The column travelled caudad 
with ease as far as T3, where it gradually nar- 
rowed and again began a slow movement 
through the rest of the thoracic canal. The 
spinal cord appeared to narrow excessively as it 
entered the region of stenosis. No defect was 


lateral spot roentgenogram showed a ventral 


impressior. of the column at the same level. 
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Fic. 7. Case ur. C4) Massive vertebral bone structure due to osteopetrosis. Large pedicles have narrowed the 
IPD's. (B; Graph depicts patient's measurements and the go per cent tolerance range for her age group. 
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Fic. 8. Case tv. (4) Gross decrease of IPD measurements in lower thoracic spine. (8) Graph depicts patient's 
meas.irements and the go per cent tolerance range for his age group. Note variable size of vertebral bodies. 


It was felt that the impression of thoracic 
spinal canal stenosis which had been gleaned 
from the conventional spine roentgenograms 
was amply supported both by the unusual dy- 
namics seen at fluoroscopy and the unusual 
findings demonstrated on spot roentgenograms. 

Comment. Vhis patient. demonstrated cord 
dystunction roughly corresponding to the level 
of stenosis. It is suggested that he became symp- 
tomatic because degenerative changes devel. 
oped in the thoracic spine leading to encroach- 
ment on the alreadv narrow spinal canal and 
consequent spinal cord compression. 

Despite lack of surgical confirmation, the 
presence of stenosis seems well established. The 
fact that the smallest [PD’s are at, but not be- 
low, the tolerance limits does not militate 
against a diagnosis of stenosis. As stated previ- 
ously in this paper, failure to exceed the limits 
cannot guarantee normalcy. The distribution 


curve of IPD measurements of patients with 
stenosis is not known, but evidently overlaps 
the distribution for normals. This patient's 
measurements fall within that area. 


The following cases demonstrate more 
striking stenosis than Case 1. Nonethe- 
less, these children were asymptomatic. 
The lack of clinical manifestations prob- 
ably depends on the greater ability of im- 
mature nervous tissue to compensate dur- 
ing the phase of active growth and matura- 
tion. 

Cased. R.S., a $3 year old male achondro- 
plastic dwarf, was referred to this hospital for 
evaluation of mental retardation. He had no 
signs, symptoms or neurologic findings which 
might be ascribed to lumbar spinal canal steno- 
sis, Anteroposterior lumbar spine roentgeno- 
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grams showed IPD's below Tio generally to be 
at or beyond the lower end of the go per cent 
tolerance range (Fig. 6, 4 and B). Stenosis was 
greatest at lower lumbar and sacral levels. 
Sagittal diameters of the spinal canal were also 


diminished. 


Case nr. R.C., a 4 year old female, suffered 
from osteopetrosis. She was found to have 
stenosis of her spinal canal on roentgenologic 
examination, although there were no clinical 
findings related to it. Roentgenograms showed 
massive vertebral bone structure, especially in 
the pedicles. Enlargement of pedicles had 
caused decrease of IPD’s (Fig. 7, 4 and B). 
Sagittal diameters of her lumbar spinal canal 
were also diminished. | 


Case 1v. E.F., a 3 year old male, suffered 
from osteochondrodystrophy, basilar invagina- 
tion, partial atlanto-occipital assimilation, 
hemivertebra at T2 and ventral hemivertebra 
at Tro. There were no clinical findings which 
could be related to stenosis of the spinal canal 
although roentgenograms showed gross decrease 
of IPD's in the lower thoracic spine. At the 
same level, there was marked increase of mid- 
sagittal diameter of the spinal canal. Roentgen- 
ographic abnormalities and a plot of the pa- 
tient’s IPD's are shown in Figure 8, 4 and B. 


SUMMARY 


In this article refined maximum and 
minimum  interpediculate distances are 
published for use in diagnosis of intraspinal 
tumor and detection of spinal canal steno- 
sis. The subject of spinal canal stenosis due 
to decrease of interpediculate distances is 
virtually unexplored. Availability of mini- 
mum norms should facilitate such studies. 

Concerning spinal canal stenosis due to 
diminished interpediculate distances, it is 
apparent that (a) there is such an anomaly, 
(b) it may, but need not be, associated with 
diminished mid-sagittal diameter of the 
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spinal canal, and (c) it may be sympto- 
matic. Illustrative cases are presented. 
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PERIOSTEAL BONE GROWTH IN NORMAL INFANTS 


A PRELIME 





'ARY REPORT 


By CHARLES E. SHOPFNER, M.D.* 


KANSAS CITY, MISSOURI 


N 1930 Gravinghoff*? said, “In every 
periosteal reaction 1n childhood vou can 

hardly doubt congenital syphilis as the di- 
agnosis.” Syphilis has now moved to the 
background and other conditions have come 
to the forefront as causes for periosteal new 
bone. Among these are infection, infan- 
tile cortical. hyperostosis,? unrecognized 
trauma,” hypervitaminosis A,? leukemia,” 
and neuroblastoma,? to mention only a few. 

Little thought has been given to roent- 
genologicallv visible periosteal new bone as 
a finding in normal infants. Malmberg” 
found it on the long bones in £4 of 114 (47 
per cent) premature infants. He concluded 
that it was caused by rickets and could be 
prevented with large doses of vitamin D. 
He did sav, “Proliferation of the periosteum 
seems to occur in certain non-treated in- 
rachitic signs." Glaser? reported a “double 
contour" of the long bones in 78 of 100 pre- 
mature infants and in 46 of 100 full term 
infants. He considered 1t a normal roentgen 
appearance caused bv projection of the 
roentgen rays in a certain direction relative 
to the bone, its crests and the film, and 
supported his contention by roentgeno- 
grams taken of the same bone in different 
positions relative to the direction of the 
rays. 

Hancox et al. also described the "double 
contour" of the long bones in 20 of 73 
healthy infants and concluded that itis due 
to a local exaggeration of the normal ap- 
positional growth of the bone. Caffev? men- 
tions "cortical thickening of prematurity” 
as occurring in more than halt of all non- 
syphilitic premature infants and emphasizes 
that they show no evidence of other disease. 
He suggests mild trauma incidental to or- 


fants without subsequent appearance of 





Fic. 1. Six week old white male who was admitted 
to the hospital for repair of an inguinal hernia. A 
mass was palpable in the right lower quadrant 
which was shown on the intravenous pyelogram to 
be due to crossed fused ectopy of the kidneys. 
Periosteal new bone was incidentally noted on each 
femur. There were no symptoms or abnormal phys- 
ical findings relative to the femora. Periosteal new 
bone was also found on each tibia and humerus. 


dinary care and medical examination as the 
cause. 

The incidental observation of periosteal 
new bone on the long bones is common in 
pediatric radiology ; for example, the humeri 
on chest examinations and the femora on 
abdominal roentgenograms (Fig. 1). The 
purpose of the author is to report the results 
of a roentgenologic studv of the long bones 
in normal full term and premature infants 
to determine the incidence, roentgen char- 
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acteristics, pathogenesis and significance of 
this type of periosteal new bone. 


MATERIAL 


The long bones were examined in 2 groups 
of patients. Group 1 includes 335 full term 
infants under 6 months of age who had no 
symptoms referable to the skeleton. One 
hundred and sixteen of these were well 
babies and the long bones were examined 
primarily for this study. The remaining 
219 patients were referred to the radiology 
department for chest examinations and all 
were well babies prior to the onset of acute 
upper respiratory symptoms. Eighty-eight 
of these infants were initially examined 
during the first month of life and the re- 
mainder after this age. At least one serial 
examination at a 1 month interval was per- 
formed on 135 of the total group. 

Group I consists of 75 premature infants 
who were developing satisfactorily and had 
no known systemic disease or skeletal symp- 
toms. Sixty-six of them had at least one 
serial examination at a I month interval. 
They were all examined initially during the 
first month of life. 


INCIDENCE 


Periosteal new bone was present in 115 of 
the 335 (35 per cent) full term infants. The 
femora were most often involved followed 
in frequency by the humeri, tibiae, ulnae 
and radii. The involvement of individual 
bones is listed in Table x. 

The new bone is invariably bilateral. No 


TABLE I 


INCIDENCE OF PERIOSTEAL NEW BONE IN 335 
FULL TERM INFANTS 


Incidence 


Bones 


Femora 
Humeri 
Tibiae 
Ulnae 
Radu 
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TABLE II 


INCIDENCE OF PERIOSTEAL NEW BONE IN 75 
PREMATURE INFANTS 


Incidence 
Bores 
Number Per Cent 
Femora 23 
Humeri 23 
Tibiae 22 
Ulnae LT 
Radii 8 





instance of unilateral involvement of any 
of the bones is recorded, although it is oc- 
casionally more prominent on one side than 
the other. 

The femora, humeri and tibiae are af- 
fected almost equally. On numerous occa- 
sions, new bone may be limited to one pair 
of bones but becomes evident on the unin- 
volved ones in a subsequent examination. 
The discrepancy between the over-all in- 
cidence of 35 per cent and that recorded for 
the femora, humeri and tibiae individually 
may be explained by the absence of a follow- 
up examination in the few infants who had 
only one pair of bones involved. It appears 
to be a valid rule that the femora, humeri 
and tibiae will all be involved if one of them 
1s. The same rule does not hold for the radii, 
ulnae and fibulae and there is no explana- 
tion suggested for the decreased involve- 
ment of these bones. 

The incidence of new bone is the same in 
the premature infants as in the full term 
ones, being present in 26 of the total group 
of 75 (34 per cent). Individual bone involve- 
ment for this group is listed in Table rr. The 
bilateral and equal affection of the femora, 
humeri and tibiae is observed also in the 
premature infants. 

Age is a factor which definitely influences 
the incidence. Periosteal new bone was not 
seen before the age of 1 month in the full 
term infants and occurred only once in the 
premature infants prior to this age. The in- 
cidence rises to 47 per cent in the full term 
infants and to 39 per cent in the premature 
ones if those examined before the age of 1 
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hic. 2. Six week old full term male referred from the well baby clinic. (Z and B) 
each femur show a thin, smooth layer of new bone on the anterior aspect. (C) Anteroposterior roentgeno- 
eram of the femora does not show the new bone. 


month without follow-up study are ex- 
cluded. 

No difference 1n incidence was detected 
in the 116 babies from the well baby clinic 
and the 219 who were referred for chest 
examinations because of upper respiratory 
symptoms. 


ROENTGEN CHARACTERISTICS 


The roentgen appearance of the periosteal 
new bone in this group of full term and pre- 
mature infants depends upon the age at the 
time of the examination. It is a delicate, 
smooth laver in infants between the ages of 
toc months (hig. Trand 35 4, D and C). 
T he new bone is not alwavs concentric in its 
distribution and is present on only one as- 
pect of the bones in some (Fig. 2, Z, B and 
C; and 3, Æ, B and C). There is no consis- 
tencv as to the site of involvement except 
in the tibia were the new bone is invariably 
on the medial aspect. It is always on the dia- 
physis and usually extends onto the meta- 
physis to a variable extent, but it has not 
been observed to reach the end of the meta- 
physis (Fig. 1; 2, 4, B and C; and 3, 4, B 
ud c. 

This tvpe of periosteal new bone becomes 
quite thick in some areas. In spite of the 
thickness it does not form multiple lavers. 


Lateral roentgenograms of 


Instead, there is one amorphous, homoge- 
nous layer which maintains its smoothness 
(Fi ig. 3, A, b and C). The thickness attained 
is variable in the bones of the same infant 
as well as in the individual bones of differ- 
ent m rd 
Those infants who had sequential exam- 
ination at approximately | month intervals 
show that the initial fine laver of new bone 
thickens to a variable degree, matures, and 
becomes incorporated into the cortex (F g. 
4, A-F). There is a thin translucent zone 
which separates the laver of new bone from 
the cortex. is his forms à roentgen image of 


A. 


E zone, the inner line being the 
cortex and the outer line the laver of new 
bone. The cortex is resorbed from within 
and the laver of new bone becomes the new 
cortex. The bones actually have a double 
cortex before the old cortex is completely 
resorbed. It seems without question that 
this double cortex is the doub le contour re- 
ferred to bv Glaser’ and Hancox e£ al.’ 

No specific search was made for the 
double cortex as a part of this study, but it 
has been observed incidentally in infants 
between 1 and 2 vears of age. Glaser? found 
its iu incidence to ) BE aie een 3 ale 6 


eriosteal Bone Gr 
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Fic. 3. Two month old full term male who was 

amination, 
margin of the right femur. (C) 
Observe that the new bone 
reaching its end 





involv 





from the information obtained 


study. The presence of the double cortex in 
the older infants indicates that the time re- 
quired tor complete resorption ot the old 
cortex is inconstant (lig. 5, 4-D). 

Glaser? also found the double cortex to 
be more common on the ulna and radius 
than on the femur, humerus or tibia. This 


from our 























does not conform to the distribution of the 
periosteal new bone found in our infants, 
and suggests that the double cortex mav be 


formed bv new bone which is not roentgeno- 
logically visible in the earlier stages. This 


concept is supported bv the fact that many 
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times new bone will be seen on only ene 
pect of a bone, but in subseque 
ograms the cortex has increased equally in 


width on the side where there was no new 
bone. Perhaps the periosteum has tormed 
new bone concentrically, but it is roentgen- 
ologically detectable in just one arez (Fi 
E D; and 6, .7 and B). 

These sequential changes through which 
the periosteal new bone passes account for 
the different roentgen appearance at the 
various ages. thin, delicate laver of new 
bone has not den observed after the age of 


3 months. Instead, the double cortex ima 

















vem 
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infant's periosteum forms new bone is well 
documented.?* It has been related to the 
facts that the periosteum is loosely bound 
to the underlving cortex because of the 


sparsity and shortness of Sharpev's fibers, 
and that the cambium laver of voung perio- 
steum has increased osteogenetic activity 
(Fig. 8). i | 

CaHey has suggested that mild trauma, 
incidental to ordinary care and medical 
examination, 1s enough to provoke the 
loosely attached and osteogenetically ac- 
tive periosteum to form new bone. This hv- 
pothesis was tested in 10 normal infants 


between the ages of 1 and 2 months. Roent- 





lic. 4. Right humerus and femur of a full term, well 
female infant. (4) Right humerus at the age of g 
weeks. New bone is well developed. (8) The bone 
has thickened, matured and formed a double cor- 
tex at the age of 9 weeks. (C) The old cortex has 
been almost completely resorbed at the age of 13 
weeks and the humeral diaphysis has increased in 
width oy the thickness of the new bone. (D, E and 
F) The right femur at the same ages as Æ, B and 
C. The new bone on the femur has shown the same 
changes as seen in the humerus. 


is found and 1s evidence that new bone was 


present earlier (Fig. 6, Z and B; and 7, 4 
and 5). 

A significant roentgen feature is that the 
bone structure underlving the periosteal 
new bone is perfectly normal in appearance 
(Fig. 1 through 7). 


€ 





Lic. c. Cd and B) Progressive changes of the new 
bone on the humerus of a full term, well male infant 
[he proclivity and ease with which the are seen at ages 8 and 13 weeks, respectively. 


ETIOLOGY 


Vou. 97, No. 1 Periosteal Bone Growth in Normal Infants I £9 

Fic. 5. (C and D) Similar changes on the right femur 
at the same ages as 4 and B. The old cortex of the 
femur has been resorbed (D) but that of the 
humerus is still present (8), illustrating the ditfer- 
ence in rate at which this process proceeds in the 
various bones of the same patient. The cortex of 
the medial and lateral margins of the femur 1s 
visibly thicker in D than it is in C. However, new 
bene was visible only on the medial margin. 


PERE 


enograms of each humerus were taken as a 
aseline and 3 of the 1o showed periosteal 
new bore bilaterally, typical of that seen in 
the other infants in this studv. One humerus 
of all 16 infants was massaged and the op- 
posite one was not. The roentgenographic 
examinztion was repeated 2 and 4 weeks 
after the massage. No difference in the 
appearance of the periosteal new bone was 
found in the 3 infants who had demon. 
strated it bilaterally in the baseline roent- 
genograms. Each showed identical pro- 
gression of the new bone as observed in the 
other infants of the studv. One of the 7 in- 
fants without new bone demonstration in 
the baseline roentgenograms demonstrated 
it in the subsequent roentgenograms, but it 
was identical in appearance bilaterally. 


iy 
M 
b 








Fic. 6. Full term well, male infant. (,7) Pemora at the age of 6 weeks showing new boneon the lateral margins. 
(5) Femora at the age of 6 months. A well formed double cortes is present on each femur laterally. The 


cortex medially s thicker with a faint double cortex, even though new bone is not seen at this area in f. The 
part played by the layer of periosteal new bone in the pathogenesis of the double cortex seems clear. 
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Fic. 7. Kemora of a full term female who was 
well ur.til acute upper respiratory symptoms 
appeared 2 days before roentgenogram 77 was 
made. L) Femora at the age of 1 month. No 
periosteal new bone is present. The patient 
was lost to examination for 7 months, (8) 
l'emora at the age of 8 months. 


The humeri are sometimes held quite 
tightly by technicians to immobilize pa- 
tients for chest examinations. It seems pos- 
sible that enough trauma could be produced 


to initiate pert iosteal new dh formation, if 


indeed, trauma is the cause. However, 1 
month interval roentgenograms of the hu- 
meri of 25 patients having such chest 
examinations failed to reveal any evidence 
to support trauma, incident to the exam- 
imation, as a cause for periosteal new bone. 

It i si admitted that these crude 
and ciple observations do not exclude a 
possible role by trauma, but the incidence 
of 3§ per cent in normal infants makes it 
seem unlikely. It does not seem possible 
thatordinary care and medical examination 
would produce trauma sufficient to stimu- 
late periosteal new bone in one-third of the 
healthy infants. 


Other factors which are difficult to rec- 
oncile with a traumatic etiology are the 


symmetry and multiplicity with which the 
bones are affected, the evenness and smooth- 
ness of the new bone, the failure of the new 
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The pathogenesis of the double 
cortex indicates that periosteal new bone appeared within 1 to 2 months after -f was made and produced 
the double cortex seen at the age of 8 months. 


bone to reach the end of the metaphysis, 
and the occurrence of the new bone after 
the age of 1 month. It would seem that 
birth trauma would be a sufficient stimulus, 
but if so, the new bone should d by 
the age of 2 weeks and would not be expected 
to be completely symmetric. 

These same factors support the theory 


that the periosteal new bone is a manifesta- 
tion of normal growth. The long bone dia- 
phvses of the fetus are formed by intra- 


membranous ossification.)" After birth, 
the periosteum retains this intrame iba: 
nous type of bone formation in which the 
cambium cells have the abilitv to form 
osteoid without a preformed cartilage scat- 
folding. It is by this process that the dia- 
physes of the growing long bones increase 
in width. At the same time, resorption is 
occurring on the inside of the cortex, but 
because it is less than the amount of bone 
tormed, thickening of the cortex also occurs. 

It seems most logical that the periosteal 
new bone found in these infants is simply a 
roentgen manifestation of normal periosteal 
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Fic. 8. Section taken through the periosteum of a fetal bone. Periosteum is composed of two layers. The outer 
(arrows-—1) is the fibrous layer and is composed of spindled collagenoblasts. Between this layer and the 
cortex (arrows-—2) is the cambium (arrows 3) which is the bone forming laver. It is thickened because of 
its increased osteogenetic activity, whereas in the adult it does not exist as a layer unless revived by injury 
or a disease process. (Reproduced by permission from Aegerter, E. and Kirkpatrick, J. A., Jr., Orthopedic 
Diseases, Second edition, 1963. W. B. Saunders Company, Philadelphia.) 


bone growth in the period of greatest activ- 
itv. No explanation is certain as to why all 
infants do not show it. Perhaps there is a 
normal differential in the rate of bone for- 
mation by the young periosteum and only 
those showing the most rapid growth are 
roentgenologically evident. It is distinctly 
possible that the method of examination as 
emploved in our studv is deficient. This 
possibility 1s supported by the facts that 
the incidence 1s higher if only those infants 
older than 1 month are considered and that 
the double cortex is found in a higher per- 
centage.”” 

None of the patients in our study had 
biopsy. Hancox ef aZ? report histologic 
studies of 2 infants exhibiting the double 
cortex. In each instance, the bone tissue in 








the region of the double cortex appeared 
normal histologically. The trabeculae were 
distributed in such a way as to suggest that 
there might be two outer boundaries to the 
shaftof the bone, and resembled the pattern 
encountered where bone deposition is pro- 
ceeding rapidly, such as in fracture callus. 

One thing is certain, the infants in this 
study had no symptomatic, physical, or 
roentgenologic evidence of bone or systemic 
disease. 

SIGNIFICANCE 

The periosteal new bone observed in the 
infants of this study is of no significance to 
the patient himself because it appears to be 
a manifestation of normal periosteal bone 
growth and acts in a perfectly benign man- 
ner. 
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It has considerable significance to the 
physician who can be presented with a dif- 
ficult problem in differential diagnosis. The 
long bones of infants between the ages of 1 
and 6 months of age commonly are exam- 
ined for evidence of trauma and certain 
disease processes. It is an understatement 
to say that this type of periosteal new bone 
must not be interpreted as being due to 
disease. 

The features which assist in its recogni- 
tion are the bilaterality and multiplicity of 
involvement, absence of abnormality in the 
underlying bone, and the sequential con- 
version of it into a new cortex. 

The list of conditions to be considered in 
the differential diagnosis is a long one. In- 
cluded are syphilis, trauma, infection, in- 
fantile cortical hyperostosis, rickets, scurvy 
and hypervitaminosis A. 

Syphilis almost always causes underly- 
ing change of the cortex or spongiosa in the 
form of areas of destruction or bands of 
diminished density. In such instances the 
accompanying periosteal reaction is wavy, 
irregularly thickened and laminated. A 
single layer of periosteal thickening on 
multiple bones without underlying destruc- 
tion has been described as a finding of sy- 
philitic periostitis. This would pose a most 
difficult problem. The serology might be 
helpful but one should not necessarily con- 
clude that a positive result indicates syph- 
ilitic periostitis. Sequential study may be 
the best way to distinguish the two types of 
periosteal response since syphilitic peri- 
ostitis usually lasts for many months. 

Traumatic periosteal new bone may be 
bilateral and multiple, but there is usually 
evidence of fracture or hematoma. The new 
bone is uneven and extends to the end of the 
metaphysis in some areas. 

Infection as a cause for periosteal new 
bone without evidence of metaphyseal 
destruction is unlikely. The new bone will 
not affect multiple bones symmetrically and 
the resolution will be prolonged and irreg- 
ular. 

The clinical picture of infantile cortical 
hyperostosis is usually characteristic. The 
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mandibles, clavicles, and ulnae are involved 
most frequently. The periosteal bone ex- 
tends to the end of the metaphysis, may be 
localized, and is bulky, uneven and lami- 
nated. 

Rickets and scurvy can be excluded by 
the absence of the characteristic metaph- 
yseal changes of the two diseases. The new 
bone of scurvy is thickened and wavy, and 
extends to the end of the metaphysis. 

Hypervitaminosis A causes loss of appe- 
tite, itching and fretfulness in its early 
stages. Later, soft tissue lumps with under- 
lying cortical thickening appear on several 
bones, but the ulnae and metatarsals are 
consistently affected. The periosteal bone 
shows localized irregularity and thickening 
and is not symmetric and multiple in its 
location. 


DISCUSSION 


The findings reported in this study are 
preliminary and do not justify far-reaching 
conclusions. A need exists for a more de- 
tailed sequential study of infants between 
1 and 3 months of age and a correlation of 
the roentgen findings with biopsy studies. 
The problems involved in obtaining biop- 
sies on asymptomatic, healthy infants are 
obvious. However, it is from such studies 
that a better understanding of the problem 
will result. 

Nevertheless, the current findings seem 
valid enough to substantiate the opinion 
that periosteal reaction on the long bones 
of infants, between the ages of I and 6 
months, is not rare and necessarily ab- 
normal. On the contrary, it is common and 
is not an indication for treatment unless a 
definite relationship with a specific disease 
is proven. 

The presence of periosteal proliferation 
in a patient with some known bone or sys- 
temic disease may be an incidental finding 
and is not necessarily part of the disease. 
It seems possible that in the past the roent- 
gen manifestations of normal periosteal 
bone growth may have been wrongly de- 
scribed as components of some diseases. 
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SUMMARY 


I. Preliminary results of a roentgenolo- 
gic studv of the long bones in 335 full term 
and 75 premature infants are presented. 

2. Periosteal new bone occurred in 35 
per cent of both groups in the absence of 
other signs of bone disease. 

3. The roentgen features and differential 
diagnosis are discussed. 

4. The new periosteal bone passes through 
an orderlv, benign conversion into a new 
cortex for the involved bones. 

5. It seems most likely that the new bone 
is a roentgen manifestation of rapid peri- 
osteal bone growth. 

University of Missouri 

School of Medicine 
Children's Mercy Hospital 
1710 Independence Avenue 
Kansas City, Missouri 64106 


The author wishes to express his appreciation 
to John Caffey, M.D., and R. Parker Allen, 
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ANGIOCARDIOGRAPHIC OBSERVATIONS IN 
THE POST-RUBELLA SYNDROME* 


PRELIMINARY REPORT 
By LARRY P. ELLIOTT, M.D.,f and KURT AMPLATZ, M.D.t 


MINNEAPOLIS, MINNESOTA 


ie IS well recognized that the young in- 
fant with congenital heart disease fol- 
lowing maternal rubella has a tendency for 
certain anomalies of the cardiovascular 
system.'4 These anomalies are usually 
represented by (1) the isolated patent 
ductus arteriosus, (2) patent ductus arteri- 
osus occurring in association with stenotic 
lesions of the pulmonary valve and/or 
pulmonary arteries, and (3) stenoses of the 
central or peripheral pulmonary arteries 
without additional cardiac anomalies. 

During the last 6 months, we have ob- 
served g infants in which it had been 
definitely established that the mother con- 
tacted German measles during the first 
trimester of pregnancy. As each patient 
exhibited clinical and roentgenographic 
findings of a left-to-right shunt, retrograde 
aortography was performed. In addition to 
opacification of a patent ductus arteriosus 
in each case, the main pulmonary artery 
and pulmonary valve cusps were visualized 
as well. 

As our experience developed, it became 
apparent that in addition to a patent 
ductus arteriosus, there was a distinct 
tendency for a relatively constant anomaly 
of the main pulmonary artery and valve 
to occur in 8 of the 9 cases studied. In the 
ninth case (the only case examined at 
necropsy), the main pulmonary artery and 
valve were normally formed. As a result, 
this case will not be included in the follow- 
ing discussion. 

The anomalies observed in the other 8 
cases were as follows: (1) a foreshortened 
main pulmonary artery, (2) a high posteri- 


orly placed vertically tilted pulmonary 
valve, (3) pulmonary valvular regurgita- 
tion, and (4) thickened pulmonary valves. 
In addition, 2 of these 8 cases demonstrated 
localized ectasia of the left subclavian 
artery. 


ANGIOGRAPHIC DEFINITION OF THE 
ANOMALIES (8 CASES) 


1. Pulmonary Trunk. In each case 
studied, the pulmonary trunk was fore- 
shortened. In other words, the distance 
between the pulmonary valve cusps and 
the main division into the right and left 
pulmonary artery branches was diminished 
(Fig. 1, @ and 2). The degree of fore- 
shortening varied from moderate to severe. 
In 5 cases, the pulmonary valve was pro- 
jected so posteriorly on the lateral view 
that it overlay the ascending aorta. In 
order to appreciate the aforementioned 
findings of the main pulmonary artery 
and valve, the pulmonary valve and artery 
in an infant with patent ductus arteriosus 
without rubella infection are shown in 
Figure 2a. 

2. Pulmonary Valve. In contrast to the 
normal, the plane of the pulmonary valve 
as viewed 1n the lateral projection appeared 
to be in a vertical or near-vertical position 
(Fig. 12). Owing to this vertical position, 
the contrast filled sinuses could be seen en 
face during ventricular systole. 

3. Pulmonary Insufficiency. In 6 of the 8 
cases, there was evidence of incompetence 
of the pulmonary valve. This was shown by 
regurgitation of a considerable amount of 


* From the Department of Radiology, University of Minnesota, Minneapolis, Minnesota, 
+ Formerly, Medical Fellow in Diagnostic Radiology, University of Minnesota, Minneapolis, and Cardiovascular Research Trainee, 
Charles T. Miller Hospital, St. Paul, Minnesota. Presently, Associate Professor of Radiology, University of Florida College of Medicine, 


Gainesville, Florida. 


t Associate Professor of Radiology, University of Minnesota, Minneapolis, Minnesota. 
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Observations in the Post-Rubella Syndrome 





Fic. 1. Retrograde aortograms of 2 infants with the post-rubella syndrome and patent ductus arteriosus 
(PDA). (a) Lateral view. The main pulmonary artery is foreshortened. The distance between the vertically 
tilted pulmonary valve and origin of the right pulmonary artery (RPA; seen on end) is diminished. (4) 
Lateral view. The main pulmonary artery is foreshortened as in a. The pulmonary valve (PV) is thickened 
and has allowed a considerable degree of pulmonary insufficiency, AA = aortic arch. 


contrast material through the pulmonary 
valve during diastole (Fig. 12). 

4. Thickening of the Pulmonary Faive. In 
2 cases, the leaflets of the pulmonary 
valve were distinctly thickened (Fig. 14). 
In both cases, pulmonary insufficiency was 
present. 

&. Localized Dilatation of Systemic Arter- 
ies. There was localized dilatation of the 
left subclavian artery in 2 cases (Fig. 2a). 


DISCUSSION 


Recent emphasis in the literature has 
focused attention on the association of the 
post-rubella syndrome with central and 
peripheral pulmonary artery stenosis. We 
are presenting this group of anomalies as 
representing possibly a sequela of the post- 
rubella svndrome, too, since it had been 
established in each case that the mother 
had contacted German measles during the 
first trimester of pregnancy. Moreover, 
these anomalies are usually not observed 


in the "non-rubella" patent ductus arterio- 
sus. 

What precise mechanism causes this 
specific group of anomalies is unknown, 
There does, however, seem to be a definite 
predilection of the measles virus for affect- 
ing the development of the pulmonary 
valve and vascular system. Localized 
ectasia of the left subclavian artery (2 
cases) suggests that the measles virus may 
affect the svstemic arteries as well. 

The cause of pulmonary insufficiency is 
very likely an abnormal pulmonary valve, 
which appeared to be distinctly thickened 
in 2 cases. The cause for pulmonary in- 
sufficiency in the other 4 cases, however, is 
less obvious. To date, no postmortem con- 
hrmation of these 4 cases has been ob- 
tained. Dilatation of the pulmonary artery 
causing mechanical distortion of the pul- 
monary valve cusps is another possibility. 
This, however, seems unlikely since in 
contrast to cases of patent ductus arteri- 
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Fic. 2. (4) Retrograde aortogram in infant with patent ductus arteriosus of the non-rubella variety. The main 
pulmonary artery (MP) is dilated, but shows considerable more length between the pulmonary valve (PV) 
and right pulmonary artery (circled) than that observed in Figure 1, a and b. (4) Anterior retrograde aorto- 
gram showing localized ectasia (arrow) of the left subclavian artery. The injection had been completed at 
time of this exposure. 


osus of the non-rubella type, the pulmonary 
trunk was not significantly dilated. When 
pulmonary insufficiency occurs in the “non- 
rubella ductus,” it 1s usually due to dilata- 
tion o* the pulmonary trunk secondary to 
pulmonary hypertension. 

Lastlv, the described findings seem to be 
specific for post-rubella patent ductus 
arteriosus, but apparently not uniformly 
present. This is indicated by our ninth 
patient who exhibited no pulmonary in- 
sufficiency. In addition, the anatomy of the 
pulmonary artery was normal at time of 
necropsy. 


SUMMARY 


Angiocardiographic findings in g infants 
with patent ductus arteriosus following 


maternal rubella are described. In $ pa- 
tients, certain anomalies of the pulmonary 
valve and main pulmonary artery were 
present which represent possibly a specific 
sign of post-rubella infection. These anoma- 
lies are: (1) a foreshortened main pulmo- 
narv arterv, (2) a high, posteriorly placed, 


vertically tilted, pulmonary valve, (3) 
pulmonary valvular regurgitation, and (4) 
thickened pulmonary valves. In addition, 
2 cases showed localized ectasia of the left 
subclavian artery. 


Kurt Amplatz, M.D. 

Department of Radiology 
University of Minnesota Hospitals 
Minneapolis 14, Minnesota 
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AORTIC RING CAUSED BY DOUBLE AORTIC ARCH 
IN AN ADULT* 


ANGIOCARDIOGRAPHIC REPORT OF A CASE 


By ISRAEL STEINBERG, M.D.t 
NEW YORK, NEW YORK 


JN O ODE aortic arch compressing the 
trachea and esophagus is exceedingly 
rare in adults. Gross,*? in 1955, when sum- 
marizing his experience with this lesion in 
26 cases, reported that their ages varied 
from 1 month to 3 years. Early in life, the 
patient herein reported, the daughter of a 
physician, had stridor which had been 
attributed to a congenitally small trachea; 
this was followed by chronic dyspnea on 
exertion. Not until her nineteenth year 
was the definitive diagnosis of double aortic 
arch compressing the trachea and esopha- 
gus established by angiocardiography; cure 
by ligation and division of the smaller arch 
followed. 


REPORT OF A CASE 


A college student, referred by Dr. Irving J. 
Kane, complained that all her life she had been 
dyspneic on exertion, compelling her to curtail 
physical activities. Soon after going to a college 
which had an unusually hilly campus, the 
dyspnea increased. The mother reported that 
while a stridor had been present at birth, it had 
disappeared. The only illness that the patient 
had had was pneumonia at the age of 6 months, 
and recovery from this had been uncomplicated. 
The patient denied dysphagia, weight loss, or 
respiratory discomfort. Physical examination 
disclosed a well developed and well nourished 
Caucasian girl in no discomfort who weighed 
11g pounds and measured 64 inches in height. 
A faint stridor was audible during ordinary 
conversation while the history was taken. How- 
ever, it could not be elicited during ausculta- 
tion. The lungs were clear and there were no 
rales. The heart was not enlarged and there 
were no murmurs; the rhythm was regular and 
the pulse rate was 72 per minute. The blood 
pressure was equal in both arms and measured 


110/60 mm. Hg. Studies of the urine, blood, 
pulmonary function, and electrocardiogram 
were within the limits of normal. The conven- 
tional frontal roentgenogram of the chest 
showed clear lung fields and a normal cardiac 
silhouette (Fig. 14). The aortic shadow did not 
appear abnormal, but the trachea was some- 
what narrowed. The frontal and lateral esopha- 
graphic studies showed deformity of both sides 
of the esophagus in the region of the aortic 
arch, the right more than the left (Fig. 1, B and 
C). Laminagraphic study of the esophagus dis- 
closed that the right-sided filling defect was 
larger than the left (Fig. 2). Serial angiocardi- 
ography in frontal and left anterior oblique 
views, on December 23, 1958, revealed bilateral 
aortic knobs, the right larger than the left 
(Fig. 3, 4 and B). There were two aortic 
arches, The larger (right) proceeded in front of 
the trachea and gave off normal brachiocephalic 
arterial branches. The smaller posterior arch 
joined with the anterior just beyond the origin 
of the left subclavian artery and became the de- 
scending thoracic aorta, proceeding along the 
anterior surface of the thoracic spines (Fig. 3B). 

Surgical exploration on June 30, 1959, by 
Dr. J. Maxwell Chamberlain, disclosed that the 
right aortic arch was the larger and anterior 
vessel. From it arose the innominate, left com- 
mon carotid and left subclavian arteries. The 
smaller left aortic arch commenced behind the 
origin of the innominate artery and passed 
posteriorly behind the esophagus and trachea. 
It joined the right aortic arch opposite the 
origin of the left subclavian artery. Once the 
anomalous posterior arch was dissected free, it 
was easily ligated and divided. 


DISCUSSION 


There is general agreement that most 
patients with a double aortic arch, a 
remnant of the reptilian phase of aortic 


* From the Departments of Radiology and Medicine, The New York Hospital—Cornell Medica] Center, 
This work was supported by The Health Research Council of the City of New York under contract U-1648. 
T Recipient of Career Scientist Award of The Health Research Council of the City of New York under contracts I-258 and U-1648. 
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Vio. 1. (4) Conventional frontal teleroentgeno- 
gram. (B) Frontal esophagram showing bi. 
lateral deformities in the region of the aortic 


(C) Lateral esophagram disclosing 
shght (forward) tracheal narrowing with a 
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double esophageal deformity in the region of the 
arch of the aorta. 
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Fic. 2. Frontal laminagram of the esophagus 

showing the bilateral deformities in the region 

of the aortic knobs to advantage. Note that the 
right esophageal deformity is the larger. 


tracheal compression had been present 
since birth, the patient was able to get 
along for many years without serious dis- 
comfort bv restricting her activities. There 
is even a report of a 67 vear old male 
cadaver with a classical double aortic arch 
which formed a vascular ring that hardly 
compromised the trachea and esophagus. : 

Despite the fact that the patient herein 
reported had stridor, albeit faint, dyspnea, 
and roentgen signs of tr hag ad ym 
geal compression (Fig. 1, -7, B and C; and 
2), she was b. A accept surgical 
exploration of the mediastinum. It was for 
this reason that angiocardiography was 
recommended. Once this was accomplished 
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(Vig. 3, .7 and B), assurance could t then be 
en that the lesion was amenable to sur- 


vel 
ical ligation and cure; and so it proved. 


SUMMARY AND CONCLUSIONS 


Herein is reported the rare case of 





T 


LP: onc 
angiocardiogram revealing 
(posterior) aortic arch (arrow) begins opposit 
arch in the 


Frontal angiocardiogram showing double aortic 
| the larger (anterior) aortic arch with the branchi iocephahie arterie 


"knobs" Left an tonar obhque 


s. The smaller 


(arrows). (5) 


e the origin of the innominate artery and Miis the anterior 
egion of the left subclavian artery to form a normal descending aorta. 
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adult with a double aortic arch constricting 
the trachea and esophagus for 19 years. 
Conventional roentgenographic studies dis- 
closed the classic tracheal and esophageal 
deformities of a vascular ring. Although 
suffering from mild stridor and increasing 
dyspnea, and even though diagnosis of 
double aortic arch was clinically suspected, 
the patient was reluctant to undergo 
mediastinal exploration until the double 
aortic arch was visualized. Once this was 
accomplished and the diagnosis of a double 
aortic arch confirmed by  angiocardio- 
graphic studies, dissection, ligation and 
division of the smaller posterior arch were 
curative. 


Israel Steinberg 


Mav, 1966 


The New York Hospital—Cornell Medical Center 
525 East 68th Street 
New York, New York 10021 


REFERENCES 


1. EksrRÓM, G., and Sanpsiom, P. Double aortic 
arch. Acta chir. scandinav., 1951-1952, 102, 
183-202, 

2. Gross, R. E. Arterial malformations which cause 
compression of trachea or esophagus. Circula- 
Hon, 1955, 17, 124—134. 

3. Gnoss, R. E. Surgical relief for tracheal obstruc- 
tion from vascular ring. New England F. Med., 
1945, 233, 586-590. 

4. Locxuart, R. D. Complete double aortic arch. 
F. Anat., 1930, 64, 189-193. 

5$. NEguHAUSER, E. B. D. Roentgen diagnosis of 
double aortic arch and other anomalies of great 
vessels. AM. J. ROENTGENOL. & Rap. THERAPY, 
1946, 56, 1-12. 


FURTHER OBSERVATIONS ON THE 


VERTICAL 


FISSURE LINE* 


By ELIEZER FRIEDMAN, M.D. 


AFULA, ISRAEL 


AVIS? in 1960 first called attention toa 
roentgenologic finding not previously 
described in the literature: the occasional 


appearance of a vertical line in the base of 


the lungs of infants and children. Davis ob- 
served rhis finding in 29 cases, and con- 
sidered the line to be the main interlobar 
fissure appearing for some reason in the 
sagittal projection of the chest. À further 
report was published by Webber and 
O'Loughlin,* who observed the finding in 26 
cases. Since Davis’ publication, we have 
collected 37 similar cases. These are dis- 
cussed, together with an attempt to elu- 
cidate the anatomic basis of this recently 
recognized roentgenologic phenomenon and 
possibly its diagnostic value. 


MORPHOLOGIC DESCRIPTION 


A fine linear shadow, seldom wider than 
i mm., commencing in the costophrenic 
angle or somewhat medially from it, runs 
upwards slightly inclined toward the hilus, 
and terminates before reaching its level. 
The laterallv situated lines are straight; 
those beginning more mediallv are slightlv 
curved, with a lateral convexitv. The lines 
mav be found on either side, more often on 
the right, and sometimes they are bilateral. 

MATERIAL* 

Out of our 37 cases, 26 were admitted for 
some respiratory ailment and had no heart 
disease. The roentgenologic or clinical diag- 
noses in these cases were: bronchopneu- 


monia—$8; spastic bronchitis--7; lobar 
pneumonia— bronchitis—3; and bron- 


3 ? 
chiolitis, viral pneumonitis, and aspiration 
pneumonia—1 each. Ten patients were 
cardiac cases, although most of them were 
studied roentgenographicallv for a sus- 
pected pulmonary infection. The majority 


* Eleven cases briefly reported elsewhere (1954) are included. 





Fic. 1. Male, 6 months of age, under treatment with 
antibiotics for bilateral bronchopneumonia, Con- 
trol roentgenogram shows vertical line on the 
right sice. 


of these (s cases) had congenital heart dis- 
ease with signs of left-to-right shunt. The 


remaining had: tetralogy of Fallot-—1, 
pericardial effusion—2, left aberrant coro- 
nary artery —1, and 1 case was labelled as 


idiopathic cardiomegaly. In 1: instance, 
the vertical fissure line was an incidental 
finding in a newborn child with idiopathic 
megacolon; there was an enormously dis- 
tended abdomen and in the chest there 
were signs of incomplete aeration of the 
lungs. 

Thirty-three of the total number were 1 
vear or less of age, the remaining were 2, 3, 
s and 6 vears old, respectively. 

In 26 cases the vertical line was seen on 
the right side, in 7 on the left and in 4 on 
both sides. Of the latter 4 cases, 3 had 
cardiac lesions and the fourth had Hirsch- 
sprung's disease. 

Although the finding on the original 
roentgenograms is obvious, it cannot al- 
wavs be recognized on reproductions in 
print; however, Figures 1 through 3 show 3 
characteristic cases. 


* From the Department of Radiology, Central Emek Hospital, Afula, Israel. 
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lic, 2. Male, 2 years of age, with congenital heart 
disease. Vertical line is seen on the left side, 


DISCUSSION 

Davis considers the vertical line to be 
the lateral portion of the major fissure, ro- 
tated into the sagittal plane bv the en- 
larged heart. Webber and O'Loughlin also 
consider it to be the fissure line, simply as a 
result of variation in tts position, The first 
explanation, however, does not apply to pa- 
tients with normal hearts, as Davis pointed 


Eliezer Friedman 
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lic. 5. Male, 11 months of age, with congenital heart 
disease. Bilateral vertical lines are demonstrated. 
out himself, and the second can hardly be 
accepted, as the finding is inconstant even 
in the same patient. It, therefore, appears 
that there should be some reason for such a 
temporarv varlation. 

In the author's opinion, the vertical line 
represents the lateral border of a partially 
collapsed lower lobe, as it is projected bv 
the tangential rav. Figure 4, Z and B shows 





lic, 4. Postmortem (4) anteroposterior and (B) lateral bronchograms in a case where a vertical line was seen 
befcre death. The right lower lobe is partially collapsed and retracted medially and posteriorly. 
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of the 


The border 
partiallv collapsed lower lobe corresponds in form 
and localization to the described vertical fissure 
: 

line. 


Fic. g. Right pneumothorax. 


postmortem bronchograms of a patient in 
whom the vertical line was visualized dur- 
ing life, and is still seen faintly on the 
original postmortem roentgenogram. The 
bronchi of the lower lobe are crowded and 
the lower lobe is displaced medially and 
posteriorly. Figure 5 shows a partially col- 
lapsed lung in a case of pneumothorax, and 
the lateral margin of the lower lobe has the 
same form and direction as the discussed 
line. A similar line, only somewhat more 
medially situated, 1s considered by Caffey! 
as evidence of partial atelectasis in the 
lower lobe. Further evidence of difference 
in aeration between the lower lobe and the 
adjacent ones is the frequently observed 
hyperlucency of that part of the lung situ- 
ated laterally to the line as compared to the 
area on the medial side. 

Cardiomegaly alone could cause this dit- 
ference in aeration, as the lower lobe 
bronchi are nearest to the enlarging heart. 
It may also be that bronchopulmonary 1n- 
fection is a common denominator for all the 
cases. It is well known that emphysema 
and pneumonitis are common findings in 
congenital heart disease? 

In 1 patient of whom 2 roentgenograms 
were made in an interval of a few minutes, 
we observed the line only on 1 roentgeno- 
gram, and this was in an inspiratory 


The Vertical Fissure Line pis 


phase; the other was an expiratory study. 
The relative raritv of inspiratory chest 
roentgenograms in infants and small chil- 
dren might explain the infrequent observa- 
tion of Davis’ line, even in those cases in 
which it might be expected. 


CONCLUSION 


In the author's opinion, there is enough 
evidence to support the view that Davis’ 
vertical line represents the lateral margin 
of the partially collapsed lower lobe. It is 
suggested that it has diagnostic value as a 


further sign of local respiratory impair- 
ment in the absence of other signs. 
SUMMARY 
Thirty-seven cases of a vertical line 


visualized in the roentgenograms cf the 
lungs in infants and small children, first de- 
scribed by Davis, are discussed. D ,vidence 
is reported to support the view that the 
presence of this line points to impaired 
ventilation of the lower lobe of the lung. 
Department of Radiology 

Central Emek Hospital 


Afula, Israel 
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PNEUMOCYSTIS CARINII PNEUMONIA* 
By MARIE A. CAPITANIO, M.D., and JOHN A. KIRKPATRICK, Jr., M.D. 


PHILADELPHIA, PENNSYLVANIA 


"THE first case of Pneumocystis Carinii 
pneumonia was reported in this coun- 
try by Lunseth e al. in 1955. Since then a 
number of cases have been reported in the 
American medical literature. Because the 
roentgen examination of the chest may play 
a role in the presumptive diagnosis of the 
disease, 6 cases are discussed (Table r) 
with emphasis on the roentgen manifesta- 
tions. 


ETIOLOGY 


Pneumocystis Carinii pneumonia is be- 
lieved to be caused by the organism, Pneu- 
mocystis Carinii, which is thought to be a 
protozoon but may possibly be a fungus 
and occurs predominantly in patients in 
whom there is an alteration in the immune 
mechanism. The disease was observed first 
in Central Europe in epidemic form in 
institutionalized infants 2 to 4 months of 
age who were born prematurely or who 
were debilitated. Since then, cases have 
been reported from all parts of the world in 
both epidemic and endemic form. In the 
United States, Canada, and England, 
Pneumocystis Carini infection appears 
endemic and has been associated with dis- 
turbances of the immune mechanism such 
as hypogammaglobulinemia,97* Wiskott- 
Aldrich syndrome,? cytomegalic inclusion 
disease,!? leukemia and lymphomas,? and 
more recently osteopetrosis. It has been 
reported in children of all ages and in 
adults.? The increased incidence at 2 to 4 
months of age, as reported in the Euro- 
pean literature, coincides with that period 
in life when the gamma globulins are be- 
lieved to be at their lowest physiologic 
level. | 

The protozoon is a saprophyte found in 
the lungs of many animals, e.g., the rat, the 
mouse, the rabbit, the dog.? It was first re- 


ported by Chagas in 1909, and then by 
Carini in 1910, for whom the organism was 
named.? The characteristic pulmonary pa- 
thology was first described in 1938 by 
Ammich in Europe, although the clinical 
state had been recognized earlier in Ger- 
many. Vanek, in 1941, described Pneumo- 
cystis Carinii in the lungs of infants who 
had the clinical and histologic features of 
plasma cell pneumonia and considered this 
organism to be the probable etiologic 
agent, although it has not been possible 
to confirm fully Koch's postulates. The 
proof that Pneumocystis is the causal agent 
in plasma cell pneumonia to date is indi- 
rect, but, nevertheless, rather convincing, 
as the organism has been found in all pa- 
tients with this disease. The organism can 
be identified in microscopic sections of tis- 
sue by utilizing various staining techniques; 
eg., the McManus-Hotchkiss method; 
Masson's trichrome method; and with 
Giemsa as well as with Rio-Hortega’s silver 
stain.* Sheldon” was able to stimulate the 
growth of the organisms already present in 
the lungs of rabbits by the administration 
of cortisone which he thought produced an 
alteration in the host-parasite relationship. 
The organism has been noted as an inci- 
dental finding in the lungs of children and 
adults who have died of unrelated causes, 
which suggests that Pneumocystis can be 
present in human lungs in the absence of 
clinical symptoms until an alteration in the 
resistance of the host permits the disease to 
evolve and become clinically manifest." 


PATHOLOGY 


The lungs are large, heavy, firm, pearl 
gray, and almost airless. Histologically, the 
lungs show an extensive mononuclear cellu- 
lar infiltration. In the reports from Europe, 
the interstitial cellular infiltrate has been 


* From the s andi nl of Pediatrics and Radiology, Temple University School of Medicine, and St. Christopher's Hospital for 
phia, 


Children, Philad Pennsylvania. 
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Treatment Survival 


| davsatser 
| TAS 
| admission 


| Tetracycline 
| Prednisone 
| Vancomycin 
| Gammaglobulin | Expired 19 

| Tetracycline | days after 

| Methecillin admission 





Expired 44 
months after 
admission 


í 

bor * 

| Tetracycline 

| Dexamethasone 
| 

| 


| Prednisone 
| Gammaglobulin 
| Penicillin 


Expired 4 
days after 
admission 


i 
| Hydroxystilbamine | days after 
| admission 


+ 


| Gammaglobulin | Expired 3 
| 
i 
t 


| Expirec 1} 
i months after 


| admission 


Gammaglobulin 
Hydroxystibamine 
Penicillin 
Tetracycline 


Note: All patients were proven to have Pneumocystis Carinii pneumonia by biopsy of the lung and/or at postmortem examination 


(see Figures i through 6), 


described as being composed predominantly 
of plasma cells, but this has not been the 
case in this country or in those countries 
outside of Europe. Some bel:eve these to be 
histiocytes and/or cells intermediate be- 
tween plasma cells and histiocytes. There 
are few polymorphonuclear leukocytes and 
lymphocytes. The alveoli are filled with a 
characteristic foamy or "soap bubble" 
exudate in which the organisms can be 
identified 

Electron microscopy of ultra-thin sec- 
tions of alveolar fuid trom human lungs 
infected with Pneumocvstis Carini. has 


> 


Fic. 1. R.S., female, 41 months of age. There are 
diffuse interstitial and peribronchial infiltrates 
throughout both lungs with peripheral and inter- 
stitial emphysema. Neither hilar lymphadeno- 
pathy nor pleural disease is present. 


demonstrated the presence of mature cysts 
with characteristic nuclear-like “cyst bod- 
ies" as well as many crescent forms which 
seem to be tvpical for human Pneumocvstis 
infections. The cysts have a thick wall with 
an inner and outer membrane. Each cyst 








Fic. 2. P.S., male, 6 months of age. The lungs are 
over-aerated and there is extensive parenchymal 
disease. An air bronchogram js seen behind the 
heart on the left. The diffuse density of the lungs is 
consistent with an intra-alveolar exudate. Volume 
loss involving the left lung is manifested by the 
shift of the heart and mediastinum to the left. 


contains several nuclear-like bodies. These 
bodies have a complex lamellar or tubular 
structure in their interior and seem to be 
enveloped in a distinct membrane which 
has two or more contours.’ 
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CLINICAL PICTURE 


The most characteristic finding is 
tachypnea with peri-oral and pert-orbital 
cvanosis. In spite of the severe respiratory 
distress, the lungs are frequently normal to 
auscultation and percussion. Occasionally, 
fine crepitant rales on coughing or deep 
breathing, slightly impaired resonance, and 
bronchial breath sounds are evident over 
some areas of the lungs. This discrepancy 
between the severity of the pulmonary 
symptoms and the physical findings is tv p- 
ical. Fever is not usuallv a factor, the tem- 
perature rarely going above 100? F. unless 
there is a superimposed bacterial infection. 
The onset of the disease is usually slow and 
insidious with restlessness or languor and 
poor feeding. The duration of the disease is 
from 4 to 6 weeks, although at times only : 
tew days elapse prior to death, The reported 
mortality rate varies from 20 to £o per cent, 
but it 1s difficult to ascertain accurately as 
it is likely that there are sub-clinical 
cases 7: 19,11,19 


LABORATORY FINDINGS 


Laboratorv data are of limited help in 
making the diagnosis. The white blood cell 





Fic. 3. J.S., male, 4 months and 7 months of age. (4) Peripheral and interstitial emphysema are present 
bilaterally as well as linear and patchy areas of abnormal density, There is no evidence of hilar lymph. 
adenopathy or pleural disease. (B) Three months later, there is still peripheral and interstitial emphysema, 
but the parenchymal disease has become more confluent. All lobes are involved. 
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count is normal or only slightly elevated 
and associated with a normal differential 
count or slight neutrophilia. Sheht to 
marked eosinophilia has been observed. 
There have been reports of the plasma 
calcium levels being as high as 20 mg. per 


Iu 
E 


roo ml., but this has not been a consistent 
finding. Plasma proteins are usually within 
the range of normal. Abnormalities con- 


* 


sistent with the underlving disease are to 





lic. 4 E.V., female, 6 years of age. C7) There 
is a granular pattern of abnormal density 





there is an increase in the generalized gran- 
ular density throughout both lungs. (C) Two 
weeks later, there is almost complete 
opacification of the lungs. 


* s 


be found when Pneumocystis Carinit infec- 


tion is secondarv. 


ROENTGENOGRAPHIC FINDINGS 


The roentgenographic appearance of the 
chest is similar in all patients. There is a 
fine, almost homogeneous, granular pattern 
of density throughout the pulmonary pa- 
renchyma, which presents first in the hilar 


regions and then progresses to the periph- 
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lic. 5. M. McD., female, 6 months of age. (4) A granular, almost homogeneous density is present and in- 
volves both lungs. Air bronchograms are seen in both lungs. The lungs are over-aerated. Hilar lymphaden- 


opathy and pleural disease are absent. (B) Nine days later, the lungs are almost homogeneous in their 


opacity. 


ery (Fig. 4, 4, B and C; and 5, 4 and D). 
The peripheral portions of the lungs are 
emphysematous (Fig. 5, Æ and B). In ad- 
dition to interstitial emphysema, pneumo- 
thorax and pneumomediastinum may be 





S 


Firg. 6. A.G., male, 10 months of age. There is diffuse 
disease throughout all lobes with the exception of 
the right middle lobe which is emphysematous. 


present. The parenchymal involvement 
progresses toward the periphery to involve 
all of the lungs and to become more con- 
Huent until frequently the thorax is com- 
pletely opacified. Usuallv, all lobes are 
involved, but not necessarilv so; at times 
the infiltrates mav be subsegmental in dis- 
tribution with over-aeration of the remain- 
ing portions of lung (Fig. t, 2, and 6). In 
spite of the extensive involvement of the 
lung, pleural reaction and hilar lympha- 
denopathy are absent. An air bronchogram 
Is usually present as one would expect to 
find in the presence of intra-alveolar infil- 
trates of any etiology. ™®° 

Atelectasis is not an uncommon feature 
and, in spite of obvious loss of volume of 
portions of the lung, emphysema will be 
evident as manifested bv the low position 
of the diaphragm and the wide intercostal 
spaces (Fig. 2 and 6). 

Roentgenographic abnormalities may be 
present early in the disease before signs of 
severe respiratory distress become mani- 
fest. Several patients proven to have Pneu- 
mocystis Carinii pneumonia have been 
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cured of the disease and have been followed 
roentgenographically. The changes within 
the lungs were shown to clear within 6 
weeks, although 1 patient has been reported 
in whom complete resolution did not take 
place until 24 years after the onset.® 

Other entities to be considered in differ- 
ential diagnosis on the basis of the roentgen 
appearance are the reticuloendothelioses, 
idiopathic pulmonary hemosiderosis, giant 
cell pneumonia, alveolar proteinosis, and, 
in the early stages, lipoid pneumonia, le- 
sions responsible for obstruction to pulmo- 
nary venous return, and, at times, the 
Hamman-Rich syndrome. 


DIAGNOSIS 


Though roentgenographic alterations are 
not specific with respect to the etiology, 
they should, when the clinical findings of 
progressive respiratory distress and cyano- 
sis are taken into consideration, strongly 
suggest the diagnosis. The definitive diag- 
nosis, however, is made by the demonstra- 
tion of the pneumocysts. They may be re- 
covered either from bronchial secretions or 
from biopsy of the lung. Since it may be 
difficult to demonstrate the pneumocysts 
in bronchial washings, biopsy of the lung 
offers the best method for diagnosis. This 
may be performed by either needle aspira- 
tion or open biopsy. Open biopsy 1s prob- 
ably the preferred method because it results 
in a large sample of tissue for evaluation 
by the pathologist.!? 

A complement fixation test, utilizing 
extract from the lungs of affected infants, 
has been reported by Vivell, Buhn, and 
Lips in 1956. According to them, a titer of 
I to 4 may be regarded as positive for 
pneumocvst antibodies, but a rising titer 
is more conclusive. A positive reaction 
usually occurs during the second week of 
illness.’ 


TREATMENT 


There is no specific treatment to date, 
though early reports on the use of the 
aromatic diamidines and pentavalent anti- 
mony compounds have shown some prom- 
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ise. There are not sufficient cases in which 
these drugs have been used to adequately 
estimate their value.! 

Treatment has, for the most part, been 
directed. toward reducing the symptoms 
with oxygen and mist, resulting in consider- 
able relief from respiratory distress. Broad 
spectrum antibiotics are utilized when su- 
perimposed bacterial pneumonia is present. 
The use of cortisone has been deleterious 
and is believed to enhance the spread of the 
infectious process. 


SUMMARY 


Pneumocystis Carini pneumonia most 
often occurs in debilitated infants and 
children or those with more specific altera- 
tions of the immune mechanism. The char- 
acteristic clinical picture is one of progres- 
sive respiratory distress and cyanosis, with 
relatively few physical findings pertaining 
to the thorax. The roentgen findings are 
those of diffuse, granular pulmonary infil- 
trates which progress from the hili toward 
the periphery of the lung, becoming more 
and more confluent. Interstitial emphy- 
sema may be present and, notinfrequently, 
pneumothorax and pneumomediastinum. 
Pleural reaction and hilar lymphadeno- 
pathy are absent. Although the roentgen 
findings are not specific with respect to the 
etiologic agent, when they are correlated 
with the clinical picture, the presumptive 
diagnosis of pneumonia due to Pneumocys- 
tis Carinit may be made. 


Mane A. Capitanio 

Department of Radiology 

St. Christopher's Hospital for Children 
2600 North Lawrence Street 
Philadelphia, Pennsylvania 19133 
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THE ROENTGENOGRAPHIC FINDINGS IN INFANTILE 
AND CHILDHOOD HISTOPLASMOSIS* 


By WEBSTER RIGGS, Jr., M.D., and PHIL NELSON, M.D. 


MEMPHIS, TENNESSEE 


HE manifestations of histoplasmosis 

in the adult were described by Darling? 
in 1906, but it was not until 1934, twenty- 
eight years later, that a case of active in- 
fantile histoplasmosis was reported;* and 
today, though the abnormalities produced 
by this disease in the chest roentgenograms 
of adults have been thoroughly analyzed, 
there still has been little written about 
chest findings in active infantile and child- 
hood histoplasmosis. Attention has centered 
upon pulmonary calcifications in relation 
to skin sensitivity to the histoplasmin anti- 
gen.? 

The subject is complicated because dif- 
ferent changes appear in localized and 
generalized histoplasmosis and because the 
changes in infants and children differ 
markedlv from those seen in the adult. 


ROENTGENOGRAPHIC EXAMINATION 


In this report the significant findings in 
the chest roentgenograms of 47 patients 
with proven, active histoplasmosis are 
summarized. The patients were under 18 
years of age and residents of Memphis and 
Shelby County where the percentage of 
positive histoplasmin skin reactors is re- 
markablv high. Recent statistics? show 
that 88 per cent of the Caucasian and 92 
per cent of the Negro navy recruits from 
this area have positive skin tests. The in- 
cidence of the childhood disease must, 
therefore, be extremely high. Nevertheless, 
the number of proven active cases recorded 
in the major Memphis hospitals is sur- 
prisingly small. In the 1960 to 1964 records 
of s hospitals and the 1953 to 1964 records 
of a sixth, a total of only 47 cases was 
found in which chest roentgenograms were 
made. 

The striking difference between the num- 


ber of positive skin reactors and the num- 
ber of proven active cases indicates that 
childhood histoplasmosis, in the vast ma- 
jority of cases, resolves subclinically. 

In the 47 cases selected, diagnosis was 
established either (1) by identification of 
Histoplasma capsulatum in the blood, bone 
marrow, surgical specimen, or at autopsy, 
or (2) by significant serologic titer, a posi- 
tive histoplasmin and a negative tuberculin 
skin test, and the clinical exclusion of other 
diseases. Nineteen of the patients were in 
the first group, 28 in the second. The large 
number of cases that had only a positive 
skin test and a presumptive clinical diag- 
nosis was excluded. 

The clinical records and roentgenograms 
were reviewed and the results tabulated 
under multiple categories including both 
clinical and roentgenographic findings. 


RESULTS 


Of the 47 patients, 16 were under 1 year 
of age. All of these had generalized disease 
and 12 died soon after admission. Out of to 
infants in this group who were skin tested 
only 1 had a positive reaction. The chest 
roentgenograms showed essentially clear 
lung fields and only 2 of the 16 manifested 
hilar lymphadenopathy. Apparently these 
infants died before gross lesions could de- 
velop, because autopsies on some disclosed 
the organism throughout the lung par- 
enchyma in large numbers. In 11 of these 
16 cases, splenic enlargement was evident in 
the chest roentgenograms. 

Only one patient fell in the age group of 
I to 4 years. The other 30 patients were 
distributed evenly through the age group 
of 4 to 17 years. In these cases as the age 
increased, the disease tended to become 
more localized. The most consistent finding 


* From the Department of Radiology, University of Tennessee College of Medicine, Memphis, Tennessee. 
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TABLE I 


ROENTGENOGRAPHIC AND CLINICAL MANIFESTATIONS ACCORDING TO AGE 
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fever for 1 week and hepatosplenomegaly. Histo- 
plasmin skin test was negative but bone marrow 
culture showed Histoplasma capsulatum. Chest 





was hilar lymphadenopathy which was 
found in 28 patients. A prominent right 
paratracheal lymph node was present in 1o 
of these. Esophageal and bronchial com- 
pression from hilar lymphadenopathy was 
present in 8 and is, therefore, probably 
more common than generally recognized. 
One case showed fibrosing mediastinitis 


cases manifested a widespread pulmonary 
infiltration with varying amounts of con- 
fluence. This usually occurred in the older 
children. 
No case showed significant pleural in- 
volvement. 

There was no significant seasonal varia- 
tion; and in contrast to the predilection of 





roentgenogram reveals only a questionable in- 
filtrate in the right base but definite evidence of 
hepatosplenomegaly. 
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Fre. 2. G7 and B) Bilateral hilar lymphadenopathy in a ¢ year old Negro female with fever, cough and 
anorexia for 1 week, Histoplasmin skin test was positive and complement fixation was positive with a titer 


6 


of 1:246. 


adult histoplasmosis for the elderlv male, the more localized subacute form seen in 


the cases were divided evenly between the the older child. One of the prominent find- 
sexes. ings on chest roentgenograms in the infant 


There were no deaths in the children group was an enlarged spleen. Splenomeg- 
over I vear of age; and, in general, symp- aly in an acutely ill infant should suggest 
toms subsided in a matter of weeks. Surgery histoplasmosis. The majority of infantile 
was performed in 8 cases, either for diag- cases was free of lung parenchymal changes 
nostic purposes or for relief of lymph node on admission and, in the few that did have 
compression. basilar pneumonia, this mav well have 

Table 1 shows the roentgenographic and 
clinical. manifestations according to age. 
In Table 11 the cases are classified accord- 
ing to type of clinical disease. Figures I 
through $ demonstrate some of the roent- 
genographic findings. 


DISCUSSION 


It is not to be concluded that these cases 
are representative of all cases of active 
childhood histoplasmosis. Our series in- 
cludes onlv the small percentage with 
svmptoms severe enough to require hospi- 
talization. Onlv cases that had roentgeno- 
grams were included and, therefore, this 
eliminated several cases of fulminant in- 
fantile disease which died before roentgeno- — Fre. 3. Large right paratracheal lymph node and 
grams could be obtained. B pneumonia in a 9 year old Negro male with cough 


| E eee and chest pain for 3 days. Complement fixation 
It appears that the generalized infantile showed 1:256 positive titer and hemagglutination 


form is a completely different disease than test was positive with titer of 1:128. 








Fic. 4. Cf and B) Widespread pneumonia and hilar lymphadenopathy in a ro year old white male who be 


having fever and coug 
tion tests were all strongly positive. 








Vic. ¢. (4, Band C) Atelectasis of right lower 
and bilateral hilar lymphadenopathy 
o vear old white male with fever, chest 


+ 








na 
pain and dysphagia for past i11 days. Skin 


test and serologic studies were positive for 
histoplasmosis. C shows clearing of atelecta- 


after 3 weeks of conservative therapy. 












plaving ina cave. Skin test, complement fixation and hemaggluti 
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been due to secondary nonspecific infection 
in a severely ill child. It should be remem- 
bered that a negative skin test and chest 
roentgenogram do not exclude acute histo- 
plasmosis in an infant. 

It is interesting to note that there was 
only 1 case in the age group between 1 and 
4 years. Perhaps there is a decreased inci- 
dence of active manifestation in this age 
group. 

No case manifested the chronic cavitary 
upper lobe process typical of the elderly 
Caucasian male. In the older children, the 
sequence of diffuse pulmonary infiltration, 
patchy pneumonia and ultimate calcific 
scarring paralleled the course of the infec- 
tion in adults. 


SUMMARY 


Forty-seven cases of active, proven, 
childhood histoplasmosis have been re- 
viewed and tabulated according to age and 
clinical type of infection. 

Histoplasmosis presents a variety of 
findings depending upon whether the in- 
fection is acute, subacute, chronic, local- 
ized or generalized. The course of the dis- 
ease in infants and children differs greatly 
from that in the adult. 

In the cases reviewed, infants under 1 
year of age tended to have an acute, gen- 
eralized, fatal infection with hepatospleno- 
megaly and negative skin tests. Of the 16 
cases, 11 had essentially clear lung fields on 
admission and only 2 showed hilar lymph- 
adenopathy. Án enlarged spleen was evi- 
dent on the chest roentgenograms in 11. 

Twenty-eight of the 31 other children 
had hilar lymphadenopathy, and in 8 
cases enlarged lymph nodes compressed a 
bronchus and/or the esophagus. In 7 of 
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these 31 children, there was a widespread 
pulmonary infiltration with some degree of 
patchy confluence. 

In contrast to the findings in adults, 
neither cavitation nor pleural involvement 
was seen in either theinfants or the children. 


Webster Riggs, Jr., M.D. 
Department of Radiology 
University of Tennessee 
College of Medicine 
Memphis, Tennessee 38103 


We wish to express our appreciation to Dr. 
George Cooper, Jr., the Chairman of our De- 
partment, for his most helpful advice in pre- 
paring this report. 
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TRAUMATIC LUNG CYST* 


By CHARLES J. FAGAN, MAJOR, MC 


BALBOA HEIGHTS, CANAL ZONE 


HE finding of 3 discrete, acutely 
formed, lung cvsts on the roentgeno- 
grams of 3 different patients who had sus- 
tained nonpenetrating chest trauma 
prompted a search of the available litera- 
ture fcr information regarding this entity. 
That significant and various types of 
thoracic injurv-—that is injury to the chest 
wall, the pleurae, the lung parenchyma, 
and the mediastinal contents-—result from 
nonpenetrating chest trauma is amply docu- 
mented in the medical literature. 230- 
Such entities as fractured ribs, pneumo- 
thoraces, hemothoraces, and a combina- 
tion of any 2 or all 3 represent well-known 
and readily recognizable manifestations of 
nonpenetrating chest trauma. 

Other medically publicized entities which 
are peculiar to nonpenetrating chest trauma 
but are perhaps less often appreciated and 
recognized are pulmonary hematoma, pul- 
monary laceration, and pulmonary con- 
tusion,* 7? Atelectasis and emphysema 
of varying degrees and in various locations 
also result from closed chest trauma.??! 

Acknowledgement that lung cvsts can be 
associated with nonpenetrating chest 
trauma is also made bv several authors.??: 
$, $177 [n dealing with this latter entity— 
traumatic lung cvsts—there has been a 
tendency to regard these cvsts as secondary 
lesions; 7.e., cavities or pneumatoceles re- 
sulting from the resolution of a pulmonary 
hematoma. To be sure, the resolution of a 
pulmonary hematoma may result in a re- 
sidual pulmonary cyst or cavity. However, 
as will be illustrated and emphasized in this 
paper, manv traumatic lung cysts are 
acutely formed primary, not secondary, 
structural manifestations of nonpenetrating 
chest trauma. They represent still another 
entity peculiar to closed chest trauma. 





Fic, 1. Case ri. Posteroanterior roentgenogram of 
the chest, taken 1 hour after the patient had been 
struck by a bus, shows a small pneumothorax and 
a 2.5 cm. long, mid lung field, air fluid level on the 
night. Nonpenetrating chest trauma had occurred 
on the left. 


REPORT OF CASES 


Case r. E.V., a 4 year old female, was ad- 
mitted to Coco Solo Hospital on February 8, 
1964, twenty minutes after being struck bv a 
bus. Multiple contusions and abrasions over the 
left posterior chest and flank surfaces repre- 
sented the significant physical findings. During 
the physical examination, the patient coughed 
up some clotted blood. Vital signs were normal. 
Hemoglobin and hematocrit determinations 
were normal. 

A roentgenogram of the chest dated Febru- 
ary 8, 1964 (Fig. 1) and taken approximately 1 
hour after the patient had been injured showed 
the left lung field to be clear and fully expanded; 
the left thoracic cavity was free of any observ- 
able fluid. The mediastinal structures presented 
a normal appearance and were located in the 


* From tae Department of Radiology, Gorgas Hospital, Balboa Heights, Canal Zone. 
The contents of this paper reflect the personal view of the author and are not to be construed as a statement of official U. S. Army 


policy. 
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Fic, 2. Case 1. G4) Posteroanterior and (B) right lateral roentgenograms of the chest, taken 24 hours later, 
demonstrate an increase in the size of the right pneumothorax. A large 2.52% 4 cm., oval, ms 


traumatic lung cyst with a surrounding SUR reaction (contused lung) !s present. The air fluid level 
seen on the roentgenogram taken 1 day earlier is absent. 


midline, On m right side, a small pneumo- — absent. The minor fissure was thickened. The 

thorax was present; an associated rib fracture patient was discharged 2 days later. 

was not aa A 2.5X3.5 CM., OVi l, cystic 

lesion containing an air fluid level was noted in 
ES, € P pA CUL. chest trauma to the left side. Yet, a trau- 

the anterior segment of the right upper lobe. 


natic x cyst, w ‘as prese i 
The rest of the incompletely expande dlungwas ! oe lung : 36 | Ti e | Eo ent j ‘d : 
clear. A normal chest roentgenogram taken 4 f oentgenogram taken only 1 hour after the 


Comment. The patient suffered closed 


months earlier was available for comparison. 

In view of the roentgenographic findings, the 
patient’s parents were again questioned about 
any pre-injury symptoms or complaints refer- 
able to the respiratory tract. They were empha- 
tic about their daughter's pre-accident good 
health. 

Repeat roentgenograms taken 24 hours later 
on February 9, 1 964 | (Fig. 2, .4 and B) showed 
an increase in the size of the pneumothorax but 
no shift of the mediastinal structures. The lung 
cyst had enlarged and measured 2.5 2X 4 cm. 
Its periphery was now surrounded by à 3 mm. 
thick parenchymal reaction. The cyst was 
multiloculated and no longer contained an air 
fuid level. 

Roentgenograms taken § days post injury 
(not shown) demonstrated almost complete re- 
expansion of the right lung. The traumatic lung 
cyst was smaller; the previously associated 
pulmonary reaction had resolved. 





Fic. 3. Case L Follow-up poste: roanterior chest 
roentgenogram, taken 16 days post injury, dem- 


A fourth set of roentgenograms were taken on onstrates complete resolution of the traumatic 
February 24, 1964 (Fig. 3). Both the pneumo- lung cyst. There is residual minor fissure thicken- 


thorax and the traumatic lung cyst were now ing. 
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lic. 4. Case u. Anteroposterior roentgenogram of 
the chest, taken with the mobile unit 4 hours after 
the patient had been struck by a car sustaining 
bilateral nonpenetrating chest trauma, demon- 
strates a small pneumothorax and 2X3 cm., oval, 
air fuid containing traumatic lung cyst on the 
right. A lateral chest roentgenogram (not shown) 
made with the mobile unit localized the traumatic 
cyst to the proximal portion of the anterior seg- 
ment of the right upper lobe. 


injury, developed on the right side-—an ex- 
ample of a contrecoup injurv and acute 
development of a traumatic lung cyst. 
Another interesting facet in this case was 
the possible association of clinical hemopty- 
sis with the early evacuation of the air fluid 
level (in less than 24 hours) from the 
traumatic lung cyst. 


Case 1r. G.B., a 6 year old female, was ad- 
mitted to Gorgas Hospital on August 31, 1964 
after being struck by an automobile 2 hours 
earlier. The patient was previously well. Fairly 
extensive but superficial abrasions over the 
posterior chest, and contusions over the right 
anterior chest and a small area of the left 
anterior chest were apparent on physical ex- 
amination, The lungs revealed slight hyper- 
resonance and diminished breath sounds over 
the right upper lobe posteriorly and coarse 
rales were audible in the right anterior chest. 
Vital signs were normal. A complete blood cell 
count was unremarkable. 

An admission chest roentgenogram on Au- 
gust 31, 1964 (Fig. 4), taker 4 hours post intury 
with a mobile unit demonstrated the left lung 


held to be fully expanded and clear. The cardiac 
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shadow was located in the midline and pre- 
sented a normal appearance. On the right side, 
a small pneumothorax was present; an associ- 
ated rib fracture was not demonstrated. A 2X 3 
cm. cyst containing an air fluid level and sur- 
rounding pulmonary reaction were demon. 
strated in the mid lung. A previously normal 
chest roentgenogram dated December 4, 1961 
was avallable for comparison, 

A right lateral chest roentgenogram (not 
shown) obtained with the mobile unit the next 
day localized the traumatic lung cyst in the 
anterior segment of the right upper lobe. The 
air fluid level was smaller but still present. 

A chest roentgenogram taken 6 days later on 
September 7, 1964 (Fig. 5) demonstrated resolu- 
tion of the previously described right pneumo- 
thorax. The cystic lesion was smaller, measuring 
1.5X 3 cm.; the surrounding reaction and air 
fluid level were now absent. 

The patient was discharged on September 5, 
1964. During the 10 day hospitalization, there 
was no clinical evidence of any respiratory 
difficulties. The skin abrasions healed, the right 
pneumothorax resolved, and the traumatic lung 
cyst had partially disappeared. 

A follow-up chest roentgenogram taken 16 
days post injury on September 16, 1964 (Fig. 6) 
demonstrated resolution of the lung cyst. An 
irregular shaped 3X4 cm. radiodensity believed 
to represent the collapsed wall of the former 
cyst or possibly a residual pulmonary hema- 
toma was present and located at the same site 
as the former lung cyst. 





Fic. 5. Case m, Posteroanterior roentgenogram of 
the chest, taken 6 days later, shows reduction in 
the size of the traumatic lung cyst to 1.53 cm. 
The air fluid level previously associated with the 
cyst and the pneumothorax have resolved. 
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An additional follow-up chest roentgenogram 
on October 17, 1964 (Fig. 7) demonstrated no 
abnormality. The traumatic lung changes had 
resolved. 


Comment. The admission chest. roent- 
genogram —taken just 4 hours after the 
closed chest trauma--demonstrated a trau- 
matic lung cyst. This time sequence, and 
the even shorter interval between the closed 
chest injurv and the formation of a trau- 
matic lung cyst in Case r, supplies objective 
evidence that traumatic lung cvsts are in 
some instances acutely formed primary— 
not secondary-~structural manifestations 
of nonpenetrating chest trauma. 

Case vi. L.G., a 17 year old male, was ad- 
mitted to Gorgas Hospital on December 23, 
1964, two hours after receiving an electric 
shock from a high voltage source and falling 
from a 40 foot electric pole. The patient, while 
being examined in the emergency room, vom- 
ited a large volume of semi-clear fluid which 
contained particles of clotted blood. There were 
no chest or respiratory findings. A 10 cm. lacera- 
tion of the right thigh and electrical burns of 





Fic. 6 Case i. Posteroanterior roentgenogram of 
the chest, taken 16 days post injury, demonstrates 
absence of the traumatic lung cyst. A discrete 


1.22.5 cm. radiodensity, believed to represent 
the collapsed wall of the former cyst or a residual 
hematoma, is located at the site of the former 
cyst. 


Traumatic Lung Cyst 
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7. Case mn. Follow-up posteroanterior chest 
roentgenogram, taken 1 month later, demonstrates 
no abnormality. The traumatic lung changes have 


resolved. 


FIG., 


both thighs and both hands represented the 
pertinent physical findings. The vital signs were 
normal and stable. 

Admission chest roentgenograms on Decem- 
ber 24, 1964 (Fig. 8, 4 and B), taken to hours 
post injury, demonstrated no abnormality on 
the right side. The mediastinal structures ap- 
peared normal; there was no mediastinal air. 
On the lett, a faint but definite air fluid level 
was projected over the heart shadow. A left 
lateral chest roentgenogram (Fig. 85) cleariv 
demonstrated the air fluid level and localized it 
in the posterior basal segment of the left lower 
lobe. The lung markings adjacent to the air 
fluid level were increased as if they were being 
compressed by some adjacent parenchymal ex. 
panding lesion. A left pneumothorax was not 
present. 

Prior to procurement of the chest roentgeno- 
grams, the patient vomited fluid containing 
blood clots as he had done in the emergency 
room upon admission. One observer, who at- 
tempted to pass a nasogastric tube in this very 
emotionally upset patient, recorded the impres- 
sion that the vomited clotted blood was swal- 
lowed blood, but a repeat physical examination 
of the upper respiratory tract failed to identify 
a bleeding point. 

Well penetrated roentgenograms of the chest 
in the posteroanterior and left lateral upright 
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Fic. 8. Case rir. (f) Posteroanterior roentgenogram of the chest, taken 10 hours after the patient fell from a 
4C toot electric pole, shows a faint air fluid level located immediately to the left of the midline and projected 
over the heart shadow. The lung markings in the left base are accentuated, suggesting compression of the 
lung parenchyma by an adjacent expanding lesion such as a cyst. The mediastinum contains no observable 
free air. (B) A left lateral chest roentgenogram localized the air fluid level in the posterior basal segment of 
the left lower lobe. 


positions, as well as across the table studies in 
the prone positions (not shown), established the 
dimensions of the air fluid containing cyst as 
2X6X 14 cm. 

The patient was discharged from the hospital 
on December 31, 1964. A gastrointestinal study, 
performed on an outpatient basis on January g, 
1962, demonstrated the posterior basal seg- 
ment, left lower lobe cvst to be independent of 
the gastrointestinal tract. The cyst no longer 
contained an air fluid level and had gotten 
smaller. 

The patient has been reluctant to keep fol- 
low-up clinic appointments. The last chest 
roentgenographic study on March 3, 1965 (Fig. 
9, / and B) demonstrated complete resolution 
of the large left lower lobe traumatic lung cyst. 
A small 2» 1.5 cm., oval radiodensity believed 
to represent a residual pulmonary hematoma 
was present at the previous traumatic cvst site. 


Comment. The history of vomitus con- 
taining supposedly swallowed blood in this 
case 1s closely akin to the hemoptysis of 
Case 1. In both instances, the traumatic 


lung cyst originally contained fluid that 
disappeared on early subsequent roentgeno- 
grams. The acutely formed traumatic lung 
cyst present on the initial roentgenogram 
obtained just ro hours post trauma was 
particularly large. 


MECHANISM OF DEVELOPMENT 


The basic event in the creation of a 
traumatic lung cyst, as well as many of the 
other above mentioned parenchymal in- 
juries peculiar to nonpenetrating chest 
trauma, appears to be the transmission 
of a force from the external environment to 
the lung parenchyma. The force may 
result from either direct or indirect trauma: 
direct trauma being that force applied pri- 
marily to the chest, whereas indirect trau- 
ma refers to the transmitted forces as in 
blast injuries, deceleration, or the secondary 
force exerted by the abdominal contents 
against the diaphragm.”’ In the present 
day setting, the trauma is most often ap- 
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ic. 9. Case ur. (4) Posteroanterior roentgenogram of the chest, taken 9 weeks post injury, 


resolution of the retrocardiac lung cyst. A 1.52.5 
hematoma, is projected over the cardiophrenic angle. 
same time, demonstrates no evidence of the previously 


resolved. 


plied directly to the thoracic wall as a result 
of rapid deceleration of the chest by some 
object located in the environment of the 
interior of an automobile. The semiflexible 
thoracic wall, particularly common to the 
child and young adult, is compressed, trans- 
mitting a force to the underlying, or in a 
contrecoup fashion (as in Case 1) to the 
distant lung parenchyma.” As a result of 
the transmitted force a number of injuries 
can result. For example, in the case of the 
pulmonary contusion there ts loss of vessel 
ntegrity so that there 1s perivascular, peri- 
bronchial, or intra.alveolar hemorrhage 
accounting for the bruised lung or pul- 
monary contusion. À pulmonary hematoma 
may be formed in a similar wav. 
Considering now the creation of an acute 
traumatic lung cyst, it is believed by the 
author that the transmitted force resulting 
from trauma suddenly compresses an area 
of lung, closing off a segment of the periph- 
eral bronchial tree in such a fashion that a 
bursting explosive-like pressure is created 


Traumatic Lung Cyst 
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demonstrates 


cm., oval radiodensitv, oes i to bea oe: 


(B) A lett lateral chest roentgenogram, taken at the 
present air fluid level, The traumatic air cyst has 


within the lung lobule or area supplied by 
the occluded bronchus. Because escape of 
air through the upper air passage is In- 
sufficient, alveolar walls are successively 
ruptured until the confined pressure is 
spent. The walls of the resulting acute 
traumatic lung cyst are thus composed 
mainly of remnants of adjacent alveoli 
into which the air dissection has occurred.?? 
The frequent association of an air fluid 
level with a traumatic lung cyst (Cases 1, 
u and m) probably results from rupture of 
capillaries within the alveolar walls. If 
the entire cvst is filled with fluid, a blood 
cyst or pulmonary hematoma is formed.? 
Another possible explanation as to the 
mechanism of development of an acute lung 
cyst comes from the writings of Williams 
and Bonte.” These authors describe the 
propagation of a concussion wave, initiated 
by blunt chest trauma, as creating shearing 
stresses capable of tearing the substance of 
the lung. As a result, an area of the lung 
parenchyma is torn, as opposed to being 
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distended and ruptured, to explain the for- 
mation of a lung cyst—or in the terms of 
these authors—a pulmonary parencymal 
laceration. Regardless of how the injury is 
created, by bursting or tearing, its confine- 
ment to the lung parenchyma results ina 
traumatic lung cyst. If, on the other hand, 
the tear or rupture involves a pleural sur- 
face, a pneumothroax 1s produced. 

The acute traumatic lung cyst, in the 
author's opinion, is to be distinguished 
from the cystic cavity which results from 
the resolution of a pulmonary hematoma. 
This latter type of cystic lung formation 1s 
described in the writings of Joynt and 
Jaffe Salyer, Blake and Forsee, and 
Milne and Dick." Undoubtedly, some of 
the lung cysts depicted in the articles by 
these authors acually represented acutely 
formed lung cysts. However, in several of 
the cases presented, the initial pulmonary 
lesion was manifested by a single solitary 
radiodensity not unlike a pulmonary he- 
matoma or a localized pulmonary contu- 
sion. Concomitant with partial resolution 
of the density (blood clot), air fluid con- 
taining cavities became evident on the 
roentgenograms. Those cases treated by 
surgery involved cysts that were present for 
a long period of time (as long as 14 weeks). 
Upon histologic examination, these cysts 
were well defined structures with thick 
fibrotic walls measuring as much as 2.5 cm. 
and containing red-brown fluid or blood 
clots.^!* The author believes that these 
cystic lesions are secondary lesions; f.e., 
cavities or pneumatoceles resulting from 
the resolution of a pulmonary hematoma or 
contusion, and differ from the acute trau- 
matic lung cyst in their time and mode of 
development, and their initial roentgeno- 
graphic appearance. 


ROENTGENOGRAPHIC FINDINGS 


The roentgenographic appearance of a 
traumatic lung cyst is variable, depending 
mainly on whether or not the cyst contains 
fluid or 1s associated with a pulmonary con- 
tusion.®17 Considering first the association 
of fluid, the cyst may be completely opaci- 
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fied and manifested by a single solitary oval 
"coin lesion-like" radiodensity within the 
lung field. The cystic nature of the lesion 
becomes apparent when the fluid (blood) 
begins to resolve or is coughed up, being 
expectorated or swallowed. More com- 
monly, the lung cyst is represented by an 
isolated air fluid level in the lung paren- 
chyma; the actual cyst wall being either 
imperceivable or quite thin. Still more 
commonly, the cyst wall may appear thick 
if there is a surrounding parenchymal reac- 
tion; this reaction is usually hemorrhagic in 
nature and represents contused lung paren- 
chyma. If the associated pulmonary con- 
tusion is fairly extensive, the lung cyst may 
be partially or completely obscured. As the 
contusion resolves, usually in 3 to 6 days, 
the lung cyst, with or without an air fluid 
level, appears. As demonstrated in all 3 
cases presented, the air fluid that may be 
associated with a traumatic lung cyst is 
often of a temporary nature, and may 
readily resolve or perhaps be evacuated by 
coughing. 

Traumatic lung cysts are usually single 
and unilocular but it is not unusual to-see 
more than one developing in an area of 
contused lung. They can be multilocular as 
in Case 11 and in the report by Greening 
et al’ 

The size of the traumatic lung cysts 1s 
variable, ranging from small, 2 cm. in 
diameter, to large, 2X6X 14 cm. (Case 111). 
In instances where an actual cyst wall is 
not identifiable, the cyst size is indirectly 
obtained by measuring the length of the air 
fluid, if present. 

A traumatic lung cyst can be located in 
any segment of either lung. The apices seem 
to be spared. It 1s important to realize that 
the cyst need not be confined to the im- 


. mediate region of the chest wall injury. 


Trauma on the left may result in a paren- 
chymal injury on the right (Case 1). In- 
juries to the anterior chest not uncommonly 
result in parenchymal alterations poster- 
iorly. 

Traumatic lung cysts will practically al- 
ways disappear in a period of weeks or 
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months following .their onset. The actual 
time interval 1s stated to be from 7 days 
to 3 months.’ Since a large cyst may resolve 
quicker than a small cyst, it is reasonable to 
suspect that some of the cysts actually col- 
lapse (Case 11) instead of resolving. Because 
traumatic lung cysts eventually disappear, 
observation 1s the main therapeutic mea- 
sure unless the cyst becomes secondarily 
infected in which case surgery might be 
necessary.* 


DIFFERENTIAL DIAGNOSIS 


The differentiation of a traumaticlung 
cyst from a pulmonary abscess or a post- 
pneumonia pneumatocele 1s facilitated by a 
history of chest trauma and a negative his- 
tory of any respiratory or systemic com- 
plaints compatible with an infectious pro- 
cess respectively. Tuberculous and mycotic 
cavity lesions may be differentiated from a 
traumatic lung cyst for the same reasons. 
Also, traumatic lung cysts spare the apices. 

Pre-trauma comparative chest roent- 
genograms, when available, and a history 
of trauma will exclude the possibilities of 
congenital cysts and sequestrations. Then 
too, whereas these latter entities do not re- 
solve, traumatic lüng cysts eventually dis- 
appear; evidence that resolution is taking 
place can be present as early as 7 days post 
injury. 

In the adult, a carcinoma of the lung may 
cavitate and present a thin-walled, air con- 
taining cystic structure not unlike a trau- 
matic lung cyst. Here again, the history of 
the lesion in question is essential to the 
differentiation. 

Other entitites peculiar to closed chest 
trauma such as pulmonary hematoma and 
localized areas of pulmonary contusion can- 
not, initially at least, be differentiated from 
a fluid filled traumatic lung cyst. The 
transient nature—3 to 6 days—of a pul- 
monary contusion distinguishes this entity 
from the longer lasting pulmonary hema- 
toma and the fluid filled traumatic cyst. 
Since both of these latter two entities are 
associated with chest trauma and may pur- 
sue an identical clinical course in terms of 
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treatment and duration, no significant diag- 
nostic error is made if a fluid filled trau- 
matic lung cyst is called a pulmonary 
hematoma or vice versa. It is again empha- 
sized that most traumatic lung cysts are 
only partially filled with fluid and are mani- 
fested by an air fluid containing cyst within 
the lung parenchyma. These roentgeno- 
graphic findings, when associated with 
chest trauma, should prompt one to diag- 
nose a traumatic lung cyst. 


SUMMARY 


Three cases of acute lung cysts resulting 
from nonpenetrating chest trauma have 
been presented. This entity—termed trau- 
matic lung cyst—has been discussed with 
reference to its mechanism of development, 
its roentgenographic features, and an ap- 
propriate differential diagnosis. Emphasis 
has been placed on the author’s opinion 
that traumatic lung cysts represent still 
another common, acute, primary pulmo- 
nary lesion peculiar to closed chest trauma. 


Department of Radiology 
William Beaumont Army Hospital 
El Paso, Texas 
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THE ANGIOGRAPHIC FINDINGS IN FOUR CASES 
OF INFANTILE LOBAR EMPHYSEMA* 


By TOM W. STAPLE, M.D., HOWARD H. HUDSON, M.D., ALEXIS F. HARTMANN, Jr., 
M.D. t and WILLIAM H. McALISTER, M.D. 


ST. LOUIS, MISSOURI 


I emphysema is an uncommon 
cause of respiratory distress in in- 
fancy. Although the diagnosis is usually 
established by plain roentgenograms of the 
chest and fluoroscopic observations, on oc- 
casion the diagnosis may be difficult. The 
purpose of this report is to present the pul- 
monary angiographic findings in 4 cases of 
infantile lobar emphysema. 


REPORT OF CASES 


Cast 1. T.H., an 18 day old infant boy, was 
admitted with respiratory difficulty since birth. 
He was a 6 pound 14 ounce infant, the product 
of a full-term, normal pregnancy and delivery, 
who failed to have normal respirations for 15 to 
20 minutes following birth. Increasing respira- 
tory distress over the next 2 weeks with retrac- 
tions, cyanosis out of oxygen tent, and noisy 
respirations led to his transfer to St. Louis Chil- 
dren's Hospital. On physical examination the 
pulse was 164 and the respiratory rate 100. 
Mild cyanosis was present. There were severe 
retractions and noisy breathing with prolonged 
and difficult expirations. Coarse rhonchi were 
heard in the chest. The remainder of the exami- 
nation was normal. 

Roentgenograms of the chest demonstrated 
right upper lobe emphysema with partial col- 
lapse of the right middle and lower lobe (Fig. 1, 
4 and B). Multiple roentgenograms of the 
upper airway and an esophagogram were nor- 
mal. The distal trachea was not well visualized. 
Fluoroscopy of the hemidiaphragms showed 
poor excursions but it was difficult to appreciate 
mediastinal shift. The heart on subsequent 
roentgenograms increased in size. 

The patient developed a soft apical systolic 
murmur and hepatomegaly. There was electro- 
cardiographic evidence of right ventricular hy- 
pertrophy. Laryngoscopy and bronchoscopy 
were normal except for questionable collapse of 
the right main stem bronchus. No abnormali- 
ties of che trachea were noted. A clinical diagno- 


sis of coarctation of the aorta was made be- 
cause of blood pressure discrepancy between 
the upper and lower extremities of 25 mm. Hg 
by the infratron method. Right heart catheteri- 
zation revealed slight elevation of pressures in 
the right ventricle (35/10 mm. Hg) and main 
pulmonary artery (45/10 mm. Hg), but there 
was no evidence of left to right shunting. 

Angiography demonstrated that the heart was 
displaced toward the left (Fig. 2, 4, B and C). 
There was slight dilution effect in the pulmonary 
artery from a patent ductus arteriosus. The left 
main pulmonary artery doubled back on itself. 
The main right pulmonary artery was stretched 
and displaced to the left and inferiorly. The 
right upper lobe arteries were sparse, thin, and 
stretched. Peripheral vascular filling was poor. 
The middle and lower lobe vessels filled nor- 
mally but were displaced downward and pos- 
teriorly. There was decreased size of the veins 
from the right upper lobe in addition to the 
displacement of the remaining veins draining 
the right lung. 

A right upper lobe lobectomy was performed 
2 days later. On entering the chest the right up- 
per lobe was expanded and could not be col- 
lapsed. There appeared to be two small bronchi 
leading to the abnormal lobe. One had only a 
pinhole opening. The lobe could not be deflated 
after removal. Pathologically, no abnormalities 
of the mucosa or bronchial cartilage were seen. 
Postoperatively, the infant did poorly, with ex- 
tremely difficult respirations, bradycardia, and 
cyanosis. Despite the usual medical measures, 
the infant died 12 hours following surgery at 
the age of 36 days. 
c At necropsy, the pertinent findings included 
moderately severe stenosis of the distal trachea 
at the bifurcation. The lungs showed dilated 
bronchi and intra-alveolar hemorrhage. A 1 
mm. patent ductus arteriosus was found. 


Case u. S.S., a 2 day old male, was admitted 
with severe respiratory distress and cyanosis of 
24 hours' duration. The pertinent physical 


* From The Edward Mallinckrodt Institute of Radiology, and the Department of Pediatrica, t Washington University School of 


Medicine, St. Louis, Missouri. 
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the right upper lobe 








with compress 





e I. Posteroanterior (A) and lateral 
ion of the 


B) roentgenograms of the 
remaining right lung and shght mediastinal shift. 





st show emphysema of 


Nie. 2, Case L Cardiac angiograms. C7 





and B) The arteries to the right upper 
lobe are sparse, stretched, and poorly 
filled, especially in the periphery. The 
heart is displaced to the left. The right 
middle and lower lobe vessels are dis 
placed inferiorly and posteriorly. (C) 
Venous return from the right upper lobe 
l. The left atrium is enlarged. 
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hic. 3. Case u. Posteroanterior and lateral roentgenograms of the chest. (7 and B} Initial roentgenograms 


show extensive confluent infiltrates in an overexpanded left lung. (C and D) Seventeen days later an 
emphysematous left upper lobe is free of the infiltrates. 


findings included cyanosis and decreased breath 
sounds over the left chest. There were no mur- 
murs. An electrocardiogram was interpreted as 


showing right ventricular hypertrophy. 


Chest roentgenograms showed a markedlv 
expanded left lung containing confluent in- 
Ritration (Fig. 3, ,7 and B). The mediastinum 
was shifted to the right. The infiltrates progres- 
sivelv cleared and a radiolucent lung remained 


(Fig. 3, 


C and D). Because the process was 





thought to involve the entire left lung, the 
roentgenographic interpretation was obstruc- 


tion of the lett main stem bronchus either from 
bronchomalacia or extrinsic pressure from aber- 
rant ve 

Right heart catheterization and angiocardiog 
raphy were performed primarily to exclude an 
aberrant pulmonary vessel. Pressure and oxy- 
gen saturations in the right heart and pulmo- 
nary artery were normal. Angiography demon- 






ssels. 





A gm. 


strated that the entire heart was displaced into 
the right hemithorax (Fig. 4, 4, B and C). The 
right ventricle was slightly enlarged. The main 
pulmonary artery was markedly displaced to- 
ward the right. The left pulmonary artery was 
stretched. The right main pulmonary artery 
was oriented in a sagittal plane. The left upper 
lobe was emphysematous and its vessels were 
displaced across the midline into the superior 
portion of the right hemithorax. The vessels of 
the entire left lung were attenuated and lacked 
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Fic. 4. Case ir. Cardiac angiograms. (A) 
The heart is displaced into the right 
hemithorax. The left main pulmonary 
artery is stretched and the peripheral 
filling 1s sparse. The left upper lobe ves- 
sels are displaced across the midline. (B) 
Lateral projection. (C) Capillary filling 
and venous return from the left lung are 
decreased. 


peripheral filling. The vessels of the right lung 
were crowded together and displaced posteriorly 
by the overexpanded left upper lobe and dis- 
placement of the heart into the right hemi- 
thorax. The capillary blush was not seen on the 
left. The veins from the left lung were smaller 
and more poorly filled than on the right. Re- 
opacification of the pulmonary circulation sec- 
ondary to a small patent ductus arteriosus was 
noted. The left heart and aorta were normal ex- 
cept for displacement. 
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At the age of 3 weeks a thoracotomy was per- 
formed and a di tende 1, nonelastic, cobblestone 
appearing left upper lobe was removed. The 
left upper lobe bronchus had the look and feel 
of a vein with no cartilage palpable. The supe- 
rior segment of the left lower lobe also had a cob- 
blestone appearance but was not overexpanded. 
It was not removed. The specimen did not col. 
lapse following removal of the bronchial clamps. 
The bronchus leading to the lobe was flaccid 
but not strictured. The postoperative course 
was uneventful, The surgical pathology diagno- 
sis was lobar emphysema. In the year since his 
surgery, the patient has continued to have mul- 
tiple bouts of pneumonia and upper respiratory 
tract infections, but these episodes have be- 
come less frequent and severe. 


Casg cu. A. H., a 2 month old infant girl, was 
nét to St. Louis Children's Hospital be- 
cause of rapid, shallow respirations and fre- 
quent vomiting since birth. There was a ma- 
ternal history of rubella in the first trimester. 
The positive physical findings included weak 
femoral pulses, a discrepancy between the 
upper and lower extremity blood pressures, a 
Grade 11 svstolic murmur along the left sternal 
border, and an enlarged liver. An electrocardio- 
gram was interpreted as showing right ven- 
tricular enlargement. A cardiac series showed 
an emphysematous right middle lobe and 
moderate cardiomegaly with left atrial and bi- 
ventricular enlargement felt to be compatible 


_ Case un. Posteroanterior 4) and lateral (B) roentgencgrams of the chest show cardiomegaly 
with biventricular and left atrial enlargement and emphysema of the right middle lobe. 


with coarctation of the aorta and lobar emphy- 
sema (Fig. 5, Æ and B). Right heart DR 7 
zation revealed elevated right ventricular (46/ 

mm. Hg) and main pulmonary artery (41-53, lis 


mm. Hg) pressures; No shunt was demon- 
strated. Angiocardiography demonstrated a 


right to left shunting through a patent ductus 
into the aorta. In the right middle lobe the 
arteries were stretched, smaller and lacked peri- 
pheral filling. The veins were also decreased in 
size. Venous return was to the left atrium which 
was enlarged along with the left ventricle. The 
aorta was wide to the area of a coarctation just 
superior ro the origin of a patent ductus arterio- 
sus. 

Two cays later a large patent ductus was 
ligated and transsected. The coarctation was 
excised and an end-to-end anastomosis carried 
out. The infant had an uncomplicated postop- 
erative course. It is now only 2 months follow- 
ing the surgery and the patient is to be evalu- 
ated for possible removal of the right middie 
lobe. 


Case iv. T.G., a 7 month old girl, was ad- 
mitted for cardiac catheterization and angiog- 
raphy. The pieces of an uncomplicated pre eg- 
nancy and delivery, the patient was discovered 
to have a right ink mass shortly after birth. 
Intravenous urogr: iphy revealed no function of 
the right kidney. A tentative diagnosis of mul- 
ticystic kidney was made and confirmed surgi- 


cally. At 6 weeks of age, according to the 
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lic. 6. Case 1v. Posteroanterior { 
of the right middle lobe, p; artial coll: apse of ther 
circulation, 


mother, the patient ceased breathing and had 
to be resuscitated by mouth to mouth respira- 
ton. The infant was then hospitalized with 
moderate respiratory distress. A few crepitant 
rales were heard in the left lung. A harsh Grade 
Iv systolic murmur was heard along the left 
sternal border radiating over the entire precor- 
dium and into the back. 

Chest roentgenograms shewed emphysema of 
the right middle lobe with partial B e of 
the right upper and lower lobes (Fig. 6, 4 and 
B). There was over-all increase in heart size 
with left atrial and right ventricular enlarge- 
ment and overcirculation. The findings were 
compatible with a ventricular septal defect and 
SE lobar emphysema of the right middle 
lobe. An electrocardiogram was interpreted as 
us right ventricular enlargement. The 
patient quickly became asymptomatic, 

On cardiac catheterization and angiography 
at the age of 7 months, a small left to right 
shunt was demonstrated at the ventricular 
level with normal pressure recordings. Angiog- 
raphy showed that the pulmonary artery and 
its branches were enlarged secondary to the 
left to right shunt. The vessels in the emphy- 
sematous right middle lobe were smaller and 
stretched. Peripheral vascular filling was poor 
in the involved lobe. Venous return was to the 
left atriem which along with the left ventricle 
was enlarged. The vessels in the remaining E 
tion of the right lung were compressed. The 


(1) and lateral (B) roentgenograms of the chest demonstrate emphysema 
ight upper and lower lobes, cardiomegaly, and slight over- 


right ventricle was re-opacified through the 
ventricular septal defect. No abnormal vessels 
were seen (Fig. 7, .Z and B). 

Because the lobar emphysema is currently 
asymptomatic, the decision was made to treat 
the patient conservativ ely and consider surgical 
removal of the right middle lobe if pulmonary 
symptoms develop. 


DISCUSSION 


The symptomatology of infantile lobar 
emphysema is related to the altered pul- 
monary physiology and cardiac function 
from the overexpanded lobe. The involved 
lobe compresses the surrounding lung, dis- 
places the mediastinum and can interfere 
with venous return to the heart. Approxi- 
mately, one-half of the infants exhibit some 
respiratory distress in the first few days of 
lite.’ The major symptom of dyspnea may 
be of variable severity and progressive or 
intermittent. Recurrent respiratory infec- 
tion may be the only manifestation. Cough, 
or lack of weight gain can be present. 
Stridor or wheezing, bilateral or limited to 
the same side as the lesion, may be heard. 
Cyanosis is seen with more severe altera- 
tions in pulmonary exchange. Fever is not 
generally present unless there is associated 

$0 


infection, The findings of diminished breath 


Infantile Lobar Emphysema 201 





and 5) 


Tic. 7. Case rv. Cardiac angi gran: 4 


are enlarged from left to right, shunt 
creased in size. 


sounds, expansion of the involved hemi- 
thorax, and hyperresonance in an infant, 
either with or without cvanosis, would be 
suggestive of infantile lobar emphysema. 

The basic pathology is some form of ob- 
struction to the egress of air from the in- 
volved lobe. Postulated mechanisms in- 


clude an abnormality or malformation of 


the bronchial cartilage, redundant intra- 
bronchial mucosal folds or shelves acting 
as a check valve, compression of the 
bronchus bv an abnormal vessel, or slight 
hbrosis of the alveolar walls rendering 
them unable to collapse during expira- 
tion, ^*? The most common lobe involved 
is the left upper lobe. Bilobar involvement 
is unusual and the lower lobes are rarely 
affected. Microscopically, the process is 


relatively homogeneous. The alveoli are 
greatly dilated with some breakdown of 


their walls and coalescence into larger 
Bolande eż a/ found slight fibrosis of the 
alveolar walls but others have not been 
able to confirm this. Congenital heart dis- 
ease is seen in about 1§ per cent of the 
cases.’ Usually, no abnormality is seen bv 
bronchoscopy But occasionally, unusual 
Haccidity of the Dont walls has been 
noted. 

Chest roentgenograms usually establish 
the diagnosis and show an expanded radio- 


sacs, 


The vessels 


lobe are 
sparse, smaller, and lack peripheral filling. The pulmon; iry artery and branches except in the diseased lobe 


in the emphysematous right middle 


ting at the ventricular level. The left atrium and left ventricle are in- 


lucent lobe through which vessels course.?^ 
The remaining lobe or lobes in the in- 
volved side will exhibit varving degrees of 
atelectasis and may be difficult to visualize. 
The mediastinum is shifted away from the 
emphysematous lobe and there is an exces- 

sive clear space behind the sternum in the 
lateral projection. The ipsilateral hemidia- 
phragm is depressed with restricted ex- 
cursion. One of our patients had an ex- 
panded, somewhat opaque lung which 
cleared progressively into the typical over- 

expanded lobe (Fig. 3, 4D). Bronchogra- 

phy fails to fill the E sematous lobe but 
will demonstrate the remaining compressed 
lobes. 

Cardiac catheterization and angiogra- 
phy can be useful in selected cases, not 
only to help establish the diagnosis of in- 
tantile lobar emphysema but also to deter- 
mine the anatomy in cases suspected 
having an associated congenital cardiac 
detect. Angiography mav establish the 
presence or absence of abnormal vessels 
which could partially obstruct the bron- 
chus. 

Angiographically, the pulmonary vessels 
of the affected lobes are stretched, attenu- 
ated, and spread apart throughout the em- 
physematous areas. Filling of peripheral 
vessels 1s sparse. Over-all arterial flow, in- 
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cluding the affected lobe, 1s not appreciably 
slowed. The veins of the involved lobe are 
smaller. The vessels of the unaffected lobes 
adjacent to the involved lobe are displaced 
and compressed. 

Differential diagnosis includes atelectasis 
of a portion of the lung with compensatory 
emphysema either of the remaining lung on 
that side or of the opposite lung. Agenesis 
or hypoplasia of a lung will result in medias- 
tinal shift to the involved side. The above 
conditions can be separated by fluoroscopic 
observations or expiration roentgenograms. 
The emphysematous portions of the lung 
are able to deaerate normally during ex- 
piration. The mediastinum shifts away 
from the side of the atelectasis, agenesis or 
hypoplasia on expiration and shifts towards 
it on inspiration. 

A pneumothorax or an air filled dia- 
phragmatic hernia are distinguished from 
lobar emphysema by a lack of pulmonary 
vessels in the involved area. In addition, a 
pleural edge of the underlying compressed 
lung can be seen in a pneumothorax. A 
large Bochdalek hernia will usually contain 
multiple loops of bowel. 

Congenital cystic adenomatoid malfor- 
mations of the lung usually contain soft 
tissue structures such as immature lung in 
addition to air. In congenital cystic disease 
of the lung, no vessels course through the 
cyst and the outline of the cyst walls may 
be seen. A neurenteric cyst may be large 
and filled with air but is associated with 
vertebral anomalies in addition to a lack of 
vessels within the lesion. Foreign body as- 
piration is difficult to exclude but is usually 
seen in an older infant or child and there 
may be a history of aspiration. A foreign 
body produces more often obstructive em- 
physema to an entire lung. 

Although most infants could be tided 
over the acute symptomatology by con- 
servative management, infantile lobar em- 
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physema, on occasion, can be fulminant 
requiring emergency lobectomy. Spontane- 
ous remission has been reported.* Surgical 
resection of the involved lobe is the treat- 
ment of choice.? 


SUMMARY 


The findings on pulmonary angiography 
are reported in 4 cases of infantile lobar 
emphysema. These findings include attenu- 
ation, stretching, displacement, and sparse 
peripheral filling of the arteries in the af- 
fected lobe. The draining veins are smaller. 
The vessels in the adjacent lobes are dis- 
placed and compressed. 

‘Angiography can be useful in these cases 
where the diagnosis is in doubt. 


Tom W. Staple, M.D. 
The Edward Mallinckrodt 

Institute of Radiology 
£10 South Kingshighway 
St. Louis, Missouri 
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IHE ROLE OF THE BARIUM SWALLOW 
EXAMINATION IN EVALUATION OF 
PEDIATRIC PNEUMONIAS* 


By OLGA M. BAGHDASSARIAN GATEWOOD, M.D., 


and JOHN J. VANHOUTTE, M.D.t 


BALTIMORE, MARYLAND 


ECURRENT or persistent pneumonia 

in infancy and childhood presents a dif- 
ficult problem in diagnosis and man age- 
ment. Entry of ingested material into the 
respiratory tree 1s often overlooked as a 
causative mechanism. Barium swallow ex- 
aminations with fluoroscopic observation 
and cinefluorography, if available, are es- 
sential in the evaluation of conditions that 
may cause aspiration. Therefore, this ex- 
amination is performed routinely in our in- 
stitution on any infant or child in whom 
persistent or recurrent pneumonic infiltra- 
tions present a clinical problem. 

The conditions that may 

strable 


be demon- 
bv barium swallow studies are: 


I. Defective swallowing mechanism 
I. Micrognathia 
2. Riley -Day svndrome 


. Brain damage and neurologic def- 
icit 
. Idiopathic incoordination of the 
newborn 
II. Direct. tracheo-esophageal communi- 
cation. 


Congenital H-tvpe tracheo-esopha- 
zeal fistula 
Postoperative recurrent fistulae 
3. Congenitally deficient posterior la- 
ryngeal wall 
Lil. Esophageal obstructions or dyskinesia 
resulting in overflow aspiration 
1. Congenital and acquired esopha- 
geal stenoses 
Achalasia 
Vascular rings 
4. Disturbed motility 


ho 


"M 

i * 

SP vgl 
* 


in postopet rative 
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Spot roentgenogram of an 8 day old infant 
with micrognathia, showing spillage of barium into 
the trachea (arrows). 


Fic. L 


I, DEFECTIVE SWALLOWING MECHANISM 


Incoordination of the swallowing mech- 
anism resulting in aspiration of contrast 


congenital esophageal atresia. material at the hypopharyngolaryngeal 
* Presentec at the Sixty-sixth Annual Meeting of the American Roen tgen Ray Society, Washington, D, C., September 28-October 1, 


1954. 


From the Department of Radiology, The Johns Hopkins University and Hos pital, Baltimore, Maryland. 
T Present Address: Department of Radiology, de University of Colorado Medical Center, Denver, Colorado. 
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lic. 2. G7, Band C) Asmration of barium into the larynx and trachea (arrows) demonstrated in a $ year old 
boy with familial dysautonomia (selected frames from cine-esophagram). 


level is frequently seen in association with 
micrognathia as well as in patients with 
Rilev-Day syndrome. 

Micrognathia, as the name indicates, 1s a 
congenital deformity consisting of an ab- 
normally small mandible. It is a feature of 
the P:erre-Robin syndrome when glossop- 
tosis and cleft palate are associated.’ The 
infant with micrognathia feeds with dift- 


AO 


culty and may develop repeated aspiration 
pneumonia. Contrast examination of the 
swallowing mechanism shows spillage of 
the opaque material into the trachea at the 
laryngeal level (Fig. 1). The opaque ma- 
terial may also be regurgitated into the naso- 
pharynx and then aspirated. 

The Rilev-Day syndrome, characterized 
by defective lacrimation, excessive perspi- 





Fic. 3. (.2) Anteroposterior chest roentgenogram of a 6 month old retarded, flaccid female infant demonstrates 
central consolidations involving the dependent (posterior) portions of the lungs. Note loss of volume of the 
right lower lobe. (B) Spot roentgenogram showing spillage of barium into the trachea, 
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lic. 4. G1) Anteroposterior roentgenogram of the chest of a 4 month old retarded infant demonstrating bi- 
pur central conglomerate infiltrations with peripheral hv peraeri ation, (B) Spot roentgenogram show ing 
spillage of contrast material into the trachea outlining its posterior wall (arrows). 


ration, inconstant hypertension, vomiting 
and emotional lability, is also associated 
with recurrent pulmonary infections. Cine- 
roentgenograms of the esophagus demon- 
strate overflow of the contrast material into 
the larynx and trachea during swallowing 
(Fig. 2, 7B anc | C). Theamount of fluid as- 
pirated usually increases with progressive 
swallowing, suggesting that fatigue of the 
deglutition function may plav a part. The 
aspirated contrast material does not induce 
coughing and the patient is usually una- 
ware of its occurrence. Abnormal motor 
function of the esophagus has also been ob- 
served in this condition.? Marked clinical 
improvement has resulted in one patient in 
whom limitation of the volume of fluid in- 


gested at any one time and elimination of 


all fluids other than clear water from the 
dietary regimen were undertaken. 
Occasionally, infants with brain damage 
or nonspecific neurologic deficit may de- 
velop widespread bronchopneumonia and 
demonstrate aspiration on examination 
(Fig. 3, Z and B; and 4, £ and B). Inco- 
ordination of the swallowing mechanism is 
also seen in neuromyopathies (Fig. 5, .4-D). 
Pharvngeal dyskinesia resulting in aspi- 


ration also may be encountered in the new. 
born. This temporary functional abnor. 
mality may be severe enough to mimic an 
H-type tracheo-esophageal fistula clinically. 
Occasionally, a temporary gastrostomy 
may be required to prevent further aspi- 
ration.? The cause of this condition is not 
known but it probably is related to im- 
maturity (Fig. 6). 


Ii. DIRECT TRACHEO-ESOPH A- 
GEAL COMMUNICATIONS 


Extensive and recurrent bronchopneu- 
monic infiltrations in infants and children 
should always suggest the possibili ty of an 
H.-tvpe tracheo-esophageal fistula. This tv pe 
of fistula mav occur as d congenital malfor- 
mation or may result as a postoperative 
complication of a repaired esophageal atre- 
sia and tracheo-esophageal fistula. A verv 
striking associated feature is the marked 
distention of the stomach and bowel 
which results from the free flow of air from 
the trachea into the gastrointestinal tract 
due s s. Roentgenographic demon- 
stration of these fistulae is not consistent 
because the tracheo-esophageal communi- 
cation is not always patent.? Repeated ex- 








Vic. $. C4) Posteroanterior roentgenogram of the chest in a ¢ year old boy with an undiagnosed neurom y- 
opathy. Note the extensive central streaky infiltrates. (5) Posteroanterior roeatgenogram of the chest ob- 
tained following thin bariem swallow shows contrast material in the peripheral bronchioles (arrows). (C) 
Right anterior oblique chest roentgenogram obtained following creamy barium ingestion shows entry of 
the barium into the tracheobronchial tree (arrows). (D) Spot roentgenogram showing pooling of the thin 
barium suspension in the valleculae and pyriform sinuses and overflow into the trachea (arrows). No reflux 
into the nasopharynx occurred. 
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aminations are necessary, if the diagnosis is 
stronglv suspected. The infant should be 
placed in the prone oblique position since 
these fistulae are directed anteriorly and 
usually superiorly. Manv consecutive bari- 
um swallows must be observed since the 
fistula may onlv be fleetinglv demonstrated. 
Infants with persistent or recurrent 
pneumonia after repair of esophageal atre- 
sia and tracheo-esophageal fistula should be 
re-examined. Postoperative recurrences of 
tracheo-esophageal fistulae are usually 
found at the site of the anastomosis.’ 
Congenital absence of deficiency of the 
posterior laryngeal wall is a verv rare an- 
atomic abnormality which may simulate 
both clinically and roentgenographically 
pharyngeal incoordination or a high H-ty pe 
tracheo-esophageal fistula.? 


Ill, ESOPHAGEAL OBSTRUCTIONS 
OR DYSKINESTA RESULTING IN 
OVERFLOW ASPIRATION 


Esophageal obstructions are an infre- 
quent cause of recurrent pneumonia. They 
include congenital esophageal stenosis, ac- 
quired strictures, vascular rings, and acha- 
lasia. These obstructions cause dilatation of 
the esophagus, retention of food and fluid, 
and subsequent overflow spillage of esopha- 
geal contents into the larynx (Fig. 8, 4, B 
and C). Achalasia is seldom encountered in 
infancy and childhood.? 

Following repair of esophageal atresia 
and tracheo-esophageal fistula, persistent 
and recurrent pneumonias in infants and 
children more often result from abnormal 
motility in the esophagus than from recur- 
rent tracheo-esophageal fistula or ste- 
nosis.” The lack of peristalsis in the dis- 
tal segment of the esophagus prevents free 
emptying of the esophagus. When suff- 
ciently distended, the distal segment re- 
sponds with a spastic contraction. Since 
there is no orderly progression of peristal- 
sis, this mass contraction expresses the con- 
trast agent in both cephalic and caudal di- 
rections. The retrograde propulsion may be 
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bic. 6. Aspiration of contrast material in a 1 day old 
infant with pharyngeal incoordination; the infant 
was thought to have a tracheo-esophageal fistula 
clinically. 

severe enough to produce overflow aspira- 

tion. 


SUMMARY 


The barium swallow study is an impor- 
tant examination in the evaluation of un- 
explained chronic and recurrent pneumo- 
nias in infancy and childhood. Hypo- 
pharyngeal and esophageal abnormalities 
causing aspiration and demonstrable by the 
barium swallow examination are enumer- 
ated and discussed. 


Olga M. Baghdassarian Gatewood, M.D. 


The Johns Hopkins University and Hospital 
Baltimore, Maryland 2120; 
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tracheo-esophageal fistula. Extensive bilateral infiltrations, right upper and cower lobe atelectasis and 


marked gas | en. (B) Spot roentgenogram demonstrating the fistula, (C) Ant 


4; Anteroposterior roentgenogram of the chest and upper abdomen in a 1 vearold boy with an H-ty pe 
i } S 4 : : : 





ous bowel distention are se ro- 
posterior roentgenogram obrained following the barium swallow showing contrast material in the bronchi. 
4 | 


.nteroposterior chest roentgenogram obtained 1 year postoperatively showing an essentially normal 
appearance. Note complete re-expansion of the previously atelectatic lobes and increas 


in the size of 
the thymus. 
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lag. 8. G7) Roentgenogram following barium Slow 
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stricture. (B and C) Cineroentgenograms demonstrate s 
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PERSISTENT ESOPHAGOTRACHEA 


THE 


MOST SEVERE DEGREE OF LARY: 


'GOTRACHEO-ESOPHAGEAL 





CLEFT 


By N. T. 


GRISCOM, M.D.* 


BOSTON, MASSACHUS EES 


ATURE’S arrangements for keeping 

food out of the air passages and an 
excess of air out of the alimentary tract are 
complicated but generally satisfactory. 
The disasters that arise with malfunction 
of this separation of the two streams-— 
most notably aspiration pneumonia--are 
fairly well known. Should a condition arise 
where separation of food from air is 1m- 
possible, the organism would inevitably 
succumb. Such a condition is persistent 
esophagotrachea," in which the esophagus 
and trachea are a single tube, united for 
most or all of the length of the ERO Cha: This 
congenital anomalv, exemplified by the 
following case, is the most severe form of 
laryngotracheo-esophageal cleft,’ the mild 
forms of which involve the larynx alone. 


REPORT OF A CASE 


This 36 hour old girl (CHMC 57-15-86) was 
admitted with exstrophy of the bladder. The 
pregnancy had been uneventful. Difficulty with 
oral secretions was noted soon after birth, and 
respiratory distress and episodes of cyanosis de- 
veloped. There had been one small sugar- 
water feeding. 

Examination showed a lethargic dyspneic 
baby with considerable oral and pharyngeal 
mucus. She made no sound when crying, but at 
the time no specific significance was attached 
to this. Intercostal retractions were present, 
and there were scattered rhonchi. 

A chest roentgenogram (Fig. 1) showed col- 
lapse of the right upper lobe, hyperinflation 

elsewhere, and scattered shadows consistent in 
appearance and distribution with aspiration.H 
Fluoroscopy showed that an opaque tube could 
readily be passed into the stomach. Contrast 
material given by mouth simultaneously filled 
both the trachea and the esophagus, which were 
intimately associated; their shadows could not 
be satisfactorily separated. The impression from 


* Assistant in Radiology, Department of Radiology, Children's Hospital Medi 





1. Chest roentgenogram on admission, at the 


FIG. 
age of 36 hours. There is obvious consolidation 
and loss of volume of the right upper lobe. Less 
marked changes are seen on the left. Hyperinfia- 
tion is evident elsewhere. There is an unusual 
lucency in the superior mediastinum, presumably 
air within the esophagotrachea. 


the fluoroscopy and spot roentgenograms (Tig. 
2, 4 and B) was that there probably was a high 


unusually large H.type tracheo-esophageal 
fistula. 


During anesthetization and intubation, the 
posterior larynx was noted to be abnormal. 
Surgical exploration showed that the trachea 
and esophagus were in communication from 
the pharynx to within 1 cm. of the carina, with a 
cleft-like fissure joining one lumen to the other 
(Fig. 3, D and E) The common tracheo- 
esophageal tube was transsected, and the upper 
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Lic. 2. C7 and B) Fluoroscopic lateral spot roent- 
genograms. There is an opaque sump tube in the 
pharynx. Opaque medium was given by bottle. 
The roentgenograms show immediate and simul- 
taneous filling of trachea and esophagus. The 
shadows of the trachea are separated, although 
incompletely, presumably by the unfused lateral 
infoldings (see Fig. 3E). No single fistulous tract 
was ever visible, nor was clear-cut transglottic 
aspiration shown. The trachea is somewhat 
small, and its outline and that of the esophagus 
are sightly irregular. The soft tissue density at 
the top of the esophagus may represent muscle 
spasm. 


stump was marsupializzed to the skin of the 
neck. A back wall of esophageal tissue was con- 
structed for the lower trachea, and this was 
brought to the skin as a tracheostomv. The 
lower esophageal remnant was closed. 

Postoperatively, the child's respirations be- 
came progressively more labored and irregular, 
and she died at 3 days of age. 

Autopsy showed severe bladder exstrophv, 
rectal and vaginal stenosis, and only one um- 
bilical artery. The spleen was deeply lobulated 
and looxed like a bunch of grapes. The heart 
and great vessels were normal. There was wide- 
spread pneumonia, with abscesses, from which 
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Pseudomonas aeruginosa was cultured. The 
presence of persistent esophagotrachea was con- 
firmed, The operative repair was intact. 
DISCUSSION 


Uncommon as persistent esophagotra- 
chea is, its embryogenesis is fairly easy to 
understand. The respiratory tract is first 
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lic. 3. (4) Diagram of normal esophagus and 


trachea as seen from the side. (B) Isolated high 
H-type tracheo-esophageal fistula. (C) Short 
laryngotracheo-esophageal cleft; the airway and 
the gullet are in continuity down into the upper 
trachea. (D) Persistent esophagotrachea, the 
most severe degree of laryngotracheo-esophageal 
cleft, with total continuity down to the carina. 
(E) A diagrammatic cross.section of the common 
tube at the level of “X,” showing that the lateral 
infoldings approach each other but have not 
fused. 
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recognizable as a pouch from the anterior 
aspect of the primitive foregut.’ With elon- 
gation of the gut, the pouch also progresses 
caudad, but it becomes separated from the 
forming esophagus by the union, from 
below upward, of infoldings of tissue from 
each side of the common tube. These folds 
form the back wall of the trachea and 
larynx and the front wall of the esophagus 
and hypopharvnx. The alimentary and 
respiratory tracts normally are thus sepa- 
rated by these folds up to the top of the 
larynx. The rudimentary trachea repeat- 
edly divides at its lower end to form bron- 
chi, bronchioles, and alveoli, while the 
esophagus continues to elongate. 

Incomplete development and nonfusion 
of the lateral folds is a reasonable explana- 
tion for the anomalous persistence of the 
common esophagotracheal channel in the 
case described above. An H-type tracheo- 
esophageal fistula presumably represents 
local nonfusion of these folds. Deviation of 
the folds towards or to the posterior wall of 
the esophagus would explain congenital 
esophageal stenosis or atresia, and origin 
of the infoldings from the posterior wall of 
the lower part of the common tube could 
account for a distal tracheo-esophageal 
fistula. Presumably, incompleteness, dor- 
sal or ventral displacement, or twisting of 
these lateral infoldings accounts not only 
for the usual types of esophageal atresia 
and tracheo-esophageal fistula but also for 
such very rare anomalies as origin of the 
trachea or of one of the bronchi from the 
lower esophagus.** 

Reports of at least 18 cases of some de- 
degree of laryngotracheo-esophageal cleft 
can be found in the literature, and there 
are allusions**!?^ to a few others. About 
half of the defects were reported to be 
short?-5.?12.2—]aryngea] only, or extend- 
ing down to the topmost tracheal rings— 
but in the other cases (as in the infant pre- 
sented above) the nonfusion extended to or 
almost to the carina.^7:15—17 The first re- 
port’ (without surgical or autopsy con- 
firmation, apart from digital examination 


of the throat through the mouth) ap- 
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peared in 1792. Two of the cases of short 
laryngotracheo-esophageal cleft were in 
sisters*? and 2 of the infants with virtually 
total esophagotracheal communication were 
siblings. Three cases of atresia of the 
esophageal portion of the common tube! 
or of esophageal atresia below a short 
cleft* have been reported, and these in- 
fants have also had lower tracheo-esopha- 
geal or tracheogastric fistulas. 

Like newborns with esophageal atresia 
with or without tracheoesophageal fistula, 
patients with persistent esophagotrachea 
(the nonfusion extending to or almost to 
the carina) early accumulate and have 
difficulty ridding themselves of mucus in the 
mouth and pharynx. As mucus or feedings 
enter the lungs, dyspnea and cyanosis 
develop. A gastric tube can be successfully 
passed unless other anomalies are present, 
however, in contrast with the ordinary case 
of esophageal atresia. Aspiration is earlier, 
more severe, and less likely to be limited to 
feeding time than in the usual isolated H- 
type fistula, which is seldom diagnosed in 
the first few days of life. Many and per- 
haps all of these babies, because of the 
posterior defects in their larynxes, have no 
voice. 

Endoscopy performed by one who is 
alert to the condition will show that the 
larynx is splayed posteriorly and that the 
trachea and esophagus are in communica- 
tion, especially free and gaping during in- 
spiration. In some of the reported cases, 
however, endoscopy failed to reveal the 
lesion. 

Chest roentgenograms of patients with 
persistent esophagotrachea demonstrate 
pneumonia, often severe, of the aspiration 
type," and the shadows of the air-contain- 
ing trachea and esophagus may be ab- 
normal. Fluoroscopy during swallowing 
will show that the opaque material enters 
the esophagus and trachea more or less 
simultaneously, as in massive transglottic 
aspiration or an unusually large prompt- 
filling tracheo-esophageal fistula. (If the 
medium is administered via a tube in the 
middle third of the esophagus, simple func- 
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tional aspiration can probably be excluded.) 
The shadows of the esophagus and trachea 
will be difficult or. impossible to separate. 
No single fistulous tract between the two 
will be demonstrable. Careful analysis of 
cinefluorography of swallowing may some- 
times be helpful. A definite diagnosis prob- 
ably cannot be made by roentgenography 
alone, although these roentgenographic 
findings in a newborn with secretion dif- 
ficulty, aspiration pneumonia, aphonia, 
and tube-patent esophagus should strongly 
suggest a severe form of laryngotracheo- 
esophageal cleft. 

In a few cases of persistent esophago- 
trachea or shorter cleft, the correct diagno- 
sis has been reached and repair attempted. 
The most hopeful report is that of Petters- 
son;? his patient's laryngotracheo-esoph- 
ageal cleft was high and short and was suc- 
cessfully repaired, even to restoration of 
normal voice. (Íncomplete information 
reaching the writer verbally indicates that 
a second successful repair has been carried 
out elsewhere, on a voiceless baby whose 
laryngotracheo-esophageal cleft presum- 
ably was similarly short; the correct diag- 
nosis was made endoscopically, after a 
barium swallow examination had suggested 
an H-type fistula.) In at least 2 cases, cer- 
vicothoracic exploration (undertaken with 
a diagnosis of isolated tracheo-esophageal 
fistula) failed to detect either a fistula or 
the actually present short cleft; the lower 
ends of the clefts were mistaken for normal 
laryngopharyngeal junctions. Except as 
mentioned above, all cases have been fatal 
in early infancy. The more extensive the 
communication between airway and gullet, 
the freer will be the aspiration, and the 
sooner the death of the infant may be ex- 
pected. 


SUMMARY 


A case of a newborn with persistent 
esophagotrachea, a condition in which the 
respiratory and alimentary tracts are in 
continuity down to the carina, is reported. 
Persistent esophagotrachea is the most 
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severe degree of laryngotracheo-esophageal 
cleft. Infants with persistent esophago- 
trachea have difficulty with secretions from 
birth and promptly develop severe aspira- 
tion pneumonia (as In cases of esophageal 
atresia). Usually, a tube can be advanced 
readily into the stomach however (as in 
cases of H-type tracheo-esophageal fistula 
without esophageal atresia). Aphonia is 
common, possibly universal. Fluoroscopy 
will show immediate entry of ingested con- 
trast material into the trachea; the shad- 
ows of the esophagus and trachea will be 
dificult or impossible to separate from 
each other, but no isolated fistula will be 
demonstrable. Endoscopy should be able 
to confirm the lack of fusion of the posterior 
walls of the larynx and trachea. Neither 
roentgenologic evaluation, nor endoscopy, 
nor surgical exploration has heretofore been 
uniformly successful in reaching the correct 
diagnosis however; this must be at least 
partly due to lack of knowledge of the con- 
dition. 

Because diagnosis has been delayed or 
inaccurate or both and because the prob- 
lems of surgical repair are formidable, per- 
sistent esophagotrachea of the degree exem- 
plified by the case reported here has until 
now been a rapidly lethal malformation, 
although 2 cases of milder degrees of laryn- 
gotracheo-esophageal cleft have apparently 
been successfully repaired. 


Department of Radiology 

The Children’s Hospital Medical Center 
300 Longwood Avenue 

Boston, Massachusetts 02115 
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BILATERAL CONGENITAL EVENTRATION 
OF THE DIAPHRAGM 


CASE REPORT WITH ROE? 





GE 





: MANIFESTATIONS 


By CARL H. LUNDSTROM, M.D., and R. PARKER ALLEN, M.D. 


DENVER, COLORADO 


IA recentlv described for the first 
time 2 extensivelv studied cases of bi- 
lateral congenital eventration of the dia- 
phragm. The rarity of this condition 
prompted us to report a patient seen in our 
hospital. 


REPORT OF A CASE 


History. The patient, a g week old infant who 
was found to have a heart murmur, was re- 
ferred to the radiology department for a cardiac 
series, The mother had noted nothing unusual 
about the child except for an infrequent cough. 
Development was normal. 

Past History. Delivery was by spontaneous 
breech. The birth weight was zi pounds. 
There was no historv of first trimester illness or 
medication, 

Family History. No history of congenital 
anomalies was obtained. 

Physical Examination. 'The patient was a 
well formed, $ week old infant in no distress. No 
cyanosis, abnormal respiratory rate, or chest re- 
traction were seen. Breath sounds were normal. 
A Grade 11/vi pansystolic murmur was heard 
throughout the chest, but best along the left 
parasternal border. Liver and spleen were not 
palpable. 

Course. The left sided eventration was re- 
paired cn August 28, 1964 and the right side on 
October 16, 1964. The second operation was 
followed by a stormy postoperative course but 
the patient improved rapidly and has been 
well since. Excellent results were obtained by 
surgery. 


ROENTGENOGRAPHIC FINDINGS 


The :nitial chest roentgenogram (Fig. 1) 
showed a bilateral asymmetric widening of 
the mediastinum bv a soft tissue mass. The 
heart was displaced upward and to the left 
so that the apex was in the fourth posterior 
interspace. The mass was felt to be located 
anteriorly as there was no unusual densitv 





Fic. 1. Initial chest roentgenogram showing bilateral 
asymmetric widening of the mediastinum and up- 
ward displacement of the apex of the heart. 


in the posterior half of the chest in the lat- 
eral roentgenogram. At fluoroscopy, this 
soft tissue mass appeared to move up and 
down somewhat with the stomach, suggest- 
ing that it was closely related to the dia- 
phragm, if not a part of it. After an oral 
administration of barium, no evidence of 
herniation of the abdominal viscera into the 
thoracic cavity was seen. The initial im- 
pression was that the subcardiac mass arose 
in the region of the diaphragm either from 
the mediastinum or from the diaphragm 
itself. Whether the mass on the right was a 
part of an abnormal structure or a normal 
but unusually enlarged thv mus was difficult 
to ascertain. To reach a more definite diag- 
nosis, 30 cc. of air was injected into the 
peritoneal cavity. The pneumoperitoneum 
roentgenograms (Fig. 2 and 3) demon- 
strated eventration of both leaves of the 
diaphragm. 
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Pic. 2. Pneumoperitoneum showing eventration of 
both leaves of the diaphragm. 


DISCUSSION 


At surgery, defects were found in the 
muscular portion of the diaphragm ante- 
rorlv and laterally. These were covered 
only by peritoneum and pleura. The liver 
was firmly attached to the under surface of 
the right leaf by ligamentous structures. 
There was no herniation of anv portion of 
the abdominal contents into the chest cav- 
ity. These findings define diaphragmatic 
eventration. Displacement of the heart up- 
ward and to the left mav be a valuable 
roentgenologic sign if one has a high enough 
level of suspicion upon seeing an unusual 
silhouette on the posteroanterior and lateral 
roentgenograms of the chest. This unusual 
displacement is the result of the right sided 
eventration which will not permit the usual 
displacement of the heart seen when the 
condition is unilateral. A coincidental find- 
ing in our study was the absence of an ob- 
vious splenic shadow below the diaphragm 


Eventration of the Diaphragm AT 





Fic. 3. Lateral pneumoperitoneum study. 


on the left side. This, too, may suggest a 
congenital anomaly insomuch as splenic 
agenesis 18 seen associated with one or more 
other congenital abnormalities and partic- 
ularly eventration of the diaphragm. Chro- 
mosomal studies were not done. 


SUMMARY 


A third case of bilateral congenital dia- 
phragmatic eventration is presented. The 
condition may be asymptomatic. The dis- 
placement of the heart upward and to the 
left 1s a valuable sign. 

Carl H. Lundstrom, M.D. 
Children's Hospital 
Denver 18, Colorado 
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A CHILD* 


REPORT OF A CASE 


By PRESTON B. MAYSON, Jr., MAJOR, MC,} and PAUL E. SIEBER, COLONEL, MC 


SAN FRANCISCO, CALIFORNIA 


b IOMYOMAS represent only 1 per 
cent of all gastrointestinal neoplasms 
reported? and of these slightly more than 
half are gastric in origin.* A recent review 
of the world literature bv Skandalakis and 
associates? disclosed 1,017 cases of both be- 
nign and malignant smooth muscle tumors 
of the stomach since Morgagni reported the 


were between the ages of 30 and 70 vears, 
and this age incidence is confirmed by 3 
timely reports from Aberdeen, Indian- 
apolis and Atlanta." Uncommon as they 
are in adults, leiomvomas of the stomach 
are even rarer in children and most physi- 
cians will gain little experience in their 
diagnosis or treatment. 

The most common symptoms and find- 
ings are gastrointestinal hemorrhage with 
or without anemia, pain, and a palpable 
mass. The clinical presentation is far from 
characteristic, however, and of 17 cases of 
benign leiomyoma in one review,’ only 2 
were correctly diagnosed prior to surgery 
and only 3 included it in the differential 
diagnosis. 

These tumors arise from the smooth 
muscle wall, muscularis mucosae, and, 
rarely, the blood vessels in the gastric wall. 
If they grow toward the serosa, few or no 
roentgenographic findings will be present. 
However, if they remain intramural or 
grow toward the lumen, a rounded filling 
defect in the barium filled stomach will 
often be seen. As demonstrated in the case 
report to follow, an ulcer niche on the 
dome and a nearly normal rugal pattern 
covering the mass are frequent findings. 





Fic. 1. The leiomyoma is outlined on the greater 
curvature. There is a central ulcer niche and a 
normal rugal pattern covering the remaining sur- 
face of the neoplasm. 


Peristalsis is usually normal. Twenty vears 
experience at the University of Maryland 
Hospital revealed that the radiologist was 
more often correct in the preoperative 
diagnosis than the referring physician.’ 

While these tumors are well circum- 
scribed grossly, they rarely have an intact 
capsule when examined under the micro- 
scope. The difference between a leiomyoma 
and a leiomvosarcon.a is determined by 
the amount of cellular activity.® 


* From the Radiology Service, Letterman General Hospital, San Francisco, California, 
This material has been reviewed by the Office of The Surgeon General, Department of the Army, and there is no objection toits pre- 
sentation and/or publication. This review does not imply any indorsement of the opinions advanced or any recommendation of such 


products as may be named, 


+ Radiology Service, Letterman General Hospital, San Francisco, California. 


t Present Address: 34th General Hospital, APO New York, 09058. 
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REPORT OF À CASE 


An t1 vear old well developed, well nourished 
Caucasian male enjoyed good health until late 
August, 1964, when he complained of sub. 
sternal pain following vigorous exercise. He ex- 
perienced several similar episodes during the 
next few days and when examined prior to ad- 
mission, both tachycardia and pallor were 
present. A hematocrit at this time was 21 per 
cent. 

On September 8, 1964, he was admitted to 
Letterman General Hospital. There was no his- 
tory of diarrhea, constipation, melena, or 
bloody stools. Physical examir ation revealed no 
palpable masses in the abdomen. His pulse rate 
was 116 per minute, hemoglobin was 6.0 gm. 
per cent, hematocrit was 20 per cent and the 


^ 


reticulocyte count was 6.6 per cent. There was 


red blood cells. Laboratory examination of the 
stools demonstrated the presence of occult 
blood. 

Proctoscopic examination was negative and a 
barium enema study was interpreted as nega- 
tive in spite of large quantities of fecal material 
in the co.on. When the remainder of the gastro- 
intestinal tract was studied with barium, a 
£X2.5 cm. intraluminal mass with central 
ulceration was found on the greater curvature 
of the stomach (Fig. 1). The gastric mucosa 
covering the tumor appeared normal in profile 
except ir. the area of ulceraticn. When the bar- 
ium enema roentgenograms were reviewed, the 
neoplasm was seen outlined dy air within the 
stomach (Fig. 2). This retrospective observa- 
tion emphasizes the importance of simple stud. 
ies in the diagnosis of gastrointestinal disease 
when complete and careful attention is given to 
all areas of the roentgenogram. 

The patient's anemia was corrected by trans- 
fusions of packed red blood cells and whole 
blood, prior to a sleeve gastric resection. Micro- 
scopic examination of the specimen showed the 
tumor to be a leiomyoma. He has made an 
uneventful recovery. 


SUMMARY 


A case of a gastric leiomvoma in an 11 
year old boy is reported. The svmptoms, 
sighs, and roentgenographic findings are 
reviewed. It is hoped that cognizance of 
these will make a correct preoperative diag- 
nosis likely. 


Gastric Leiomyoma in a Child 





Fic. 2. A portion of the postevacuation roentgeno- 
gram shows the tumor outlined by gastric air, The 
arrows point to the base of the mass. 


Preston B. Mayson, Jr., Major, MC 
Radiology Service 

Letterman General Hospital 

San Francisco, California 
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PORTAL VEIN GAS* 
A CASE REPORT WITH SURVIVAL 


By WILLIAM B. GOLDSTEIN, M.D., JOSEPH V. CUSMANO, M.D., JOSEPH J. 
GALLAGHER, M.D., and SAMUEL HEMLEY, M.D. 


ENGLEWOOD, NEW JERSEY 


eux in the portal venous system has 
been described as a grave prognostic 
sign foreboding death, without exception. 
In a recent paper, the first survival was re- 
ported in a 48 year old male with chronic 
ulcerative colitis who developed pneumo- 
peritoneum and portal vein gas following 
a double-contrast barium enema examina- 
tion. The following case is the first infant 
with gas in the portal vein known to have 


lived. 


REPORT OF A CASE 


A full-term, normally delivered white female 
infant, 13 days old, was admitted because of 
fever, poor appetite, and swelling with resist- 
ance to motion of her right thigh. Osteomyelitis 
of the right femur was suspected and intra- 
muscular penicillin was administered although 
roentgenograms were negative. After several 
days of therapy, the signs of osteomyelitis dis- 
appeared but diarrhea and a markedly dis- 
tended abdomen appeared. Roentgen examina- 
tion, 4 days after admission, showed right upper 
lobe pneumonia and distention of bowel com- 
patible with paralytic ileus. The pneumonia 
slowly resolved after 2 weeks therapy with 
intramuscular penicillin, kanamycin, and strep- 
tomycin, but poor appetite, diarrhea and ab- 
dominal distention persisted. Roentgen examin- 
ation, 14 days after admission, revealed marked 
distention of the small and large bowel, intra- 
mural intestinal gas, and gas in the portal 
venous system (Fig. 1, 4, B and C). Enterococci 
were cultured from blood, stools and urine. 
Antibiotics were continued and the intramural 
and portal vein gas disappeared, although dis- 
tention persisted. Because of failure to improve 
and a falling hemoglobin, the baby was trans- 
ferred to Babies Hospital in New York City, 27 
days after admission with a diagnosis of osteo- 
myelitis and necrotizing enterocolitis. 

At Babies Hospital, pathogenic E. coli was 
cultured from stool specimens, which became 


culturally negative on oral polymixin, although 
no demonstrable improvement occurred. Osteo- 
myelitis of the right femoral neck became ap- 
parent on roentgenograms and she was given 
intravenous staphcillin and chloromycetin.The 
patient’s appearance improved, she gained 
weight, and her white blood cell count fell. She 
was discharged 51 days after admission. Sub- 
sequent examination by her pediatrician has re- 
vealed a healthy baby without sequelae. 


DISCUSSION 


Gas in the portal venous system has been 
previously reported in 31 patients,!-¥ of 
which 13 have been infants. In the adults, 
the most common precipitating cause was 
mesenteric vascular occlusion with bowel 
necrosis. It has also been described secon- 
dary to acute hemorrhagic pancreatitis 
with extreme bowel dilatation, closed loop 
obstruction with intestinal gangrene, ne- 
crotizing enterocolitis, bowel necrosis with 
severe atherosclerosis of mesenteric vessels 
without occlusion, and in a 35 year old 
diabetic in- acidosis and shock who had 
marked bowel distention and congestion 
without vascular obstruction or necrosis. 

In children, portal vein gas has been seen 
in the following: necrotizing enterocolitis in 
premature infants; intestinal obstruction 
with peritonitis in imperforate anus and 
duodenal atresia; esophageal atresia and 
peritonitis following surgery; idiopathic 
diarrhea; mesenteric vein thrombosis with 
gangrene of bowel and severe dehydration; 
and in erythroblastosis fetalis. 

The origin of the gas in the portal vein 
is undecided. One theory suggests that gas 
under tension in distended .bowel escapes 
into the mesenteric veins and portal vein 
through a bowel wall altered by impaired 
circulation due to the severe distention or 


* From the Department of Radiology, Englewood Hospital, Englewood, New Jersey. 
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occlusion. 


vascular 
bowel distention without portal vein gas 
and the cases of portal vein gas with an 


The many cases of 


this proposition. À more popular view sug- 


gests that the gas is produced bv enteric 
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lic. 1. C4) Supine, (B) erect and (C) left 
lateral decubitus roentgenograms of the 
abdomen showing the distended stomach, 
small intestine and colon, the intramural 
intestinal gas and the gas in the portal 
vénous svstem. 


organisms which have gained access to tl 
vascular system through compromised 
bowel wall. In both theories, intestinal dis- 
tention, congestion, and necrosis play an 
important role. 

The roentgen appearance of gas in the 
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portal venous system is a linear, branching 
gas pattern in the right upper quadrant 
radiating outward to the periphery of the 
liver. This appearance distinguishes it from 
gas in the biliary tree, with which it is most 
easily confused and where the gas remains 
centrally located in the region of the porta 
hepatis. Once the diagnosis is established, 
compromised bowel should’ be suspected. 
Prompt diagnosis, vigorous antibiotics and 
supportive therapy, and surgery, if indi- 
cated, may result in other survivors. 


SUMMARY 


A case of portal vein gas in an infant with 
survival is reported. It is suggested that 
prompt diagnosis and vigorous therapy 
may lead to other survivors. 


William B. Goldstein, M.D. 
Department of Radiology 
Englewood Hospital 
Englewood, New Jersey 07631 
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SIGMOID VOLVULUS IN CHILDREN* 
A CASE REPORT 
By RICHARD L. LILLARD, M.D.,} R. PARKER ALLEN, M.D.,t 


and J. E. NORDSTROM, M D.8 
DENVER, COLORADO 


IGMOID volvulus is encountered so 

rarely in pediatric practice that its true 
incidence 1s not known.?? There have been 
manv reports of this condition in the adult. 
In the United States, sigmoid volvulus ac- 
counts for only 3 to 8 per cent of all in- 
testinal obstructions.! ^^ [n eastern Europe 
it is the cause of 30 to so per cent of all 
intestinal dbstrictiont: 

The tew reported cases in children are 
probablv due to: (1) its rare incidence, 
about 1 patient in each 4,857 general ad. 
missions; * (2) low index of suspicion; and 

(3) the beites general status of health, diet 
and bowel habits of children as compared 
to adults. Six children with sigmoid 
volvulus, having an age span of 3 to r1 
vears, were previouslv reported from Den- 
ver Children's Hospital.? All were reduced 
hydrostatically at fluoroscopy so that 
surgical proof was lacking. 

In this paper, a case is reported of sig- 
moid volvulus in a 2 year old boy which 
required surgical reduction when hydro- 
static reduction failed. 


REPORT OF A CASE 


This 2 year old male was well until 24 hours 
preceding admission when he had sudden onset 
of regular, intermittent abdominal ' ‘cramps 
which seemed like labor pains” according to his 
mother. He had no emesis or diarrhea, but had 
concurrent anorexia. 

Admission physical findings were not help- 
ful. He had minimal left lower quadrant tender- 
ness. No mass was felt. Distention was equi- 
vocal. Rectal examination was negative. 

The white blood cell count was 12,800 per 
ml.; the differential count showed 64 per cent 
neutrophils, 34 per cent lymphocytes and 2 per 


* From the Denver Children's Hospital, Denver, Colorado, 
T Resident. 
t Director, Department of Radiology. 


$ St. Joseph's Hospital, Denver, Colorado. 





1. Introduction of barium demonstrates ob. 
struction at the junction of descending colon with 
sigmoid. Redundant sigmoid is prominent, 


bic. 


cent monocytes. Urinalysis was reported as 2-- 
acetone, otherwise normal. Bleeding and 
clotting times were normal. 

The tentative clinical diagnosis was intussus- 
ception, Barium enema study revealed obstruc- 
tion at the junction of descending colon with 
sigmoid (Fig. 1). Following removal of the 
enema tube and expulsion of some of the barium, 
air contrast outlined the twisted mucosal pat- 
tern and the tapering deformity of the barium 
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After removal of the tube, the "twisted 
taper" deformity in the proximal end of the 
twisted loop is noted. 


column which characterizes sigmoid volvulus 
(Fig. 2). The exact outlines of the markedly 
redundant colon were evident (Fig. 3). 

Two attempts at hydrostatic reduction 
failed, and surgery was recommended. How- 
ever, svmptoms did abate somewhat and the 
surgeon requested a plain abdominal roentgeno- 
gram which was made 1 hour later. À minute 
quantitv of barium had trickled into the de- 
scending and transverse colon (Fig. 4 and 5), 
but the narrow segment at zhe proximal end of 
the sigmoid was still present. Barium was in- 
stilled again to determine whether or not spon- 
taneous reduction had occurred. Obstruction to 
retrograde flow was still complete. 

At surgerv, a markedly redundant sigmoid 
colon was twisted clockwise on its mesentery, 
producing the obstruction. 

DISCUSSION 

Sigmoid volvulus is most common in the 
elderly, 70 per cent of patients being over 
so years of age!" and the peak incidence 
being at the age of 71 vears. Men outnum- 
ber women 3 to 1.7"! 

The predisposing factor common to all 
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patients is a short-based mesosigmoid com- 
bined with an abnormally redundant sig- 
moid colon. This state allows the proximal 
and distal limbs of the sigmoid colon to lie 
in close proximitv so that the sigmoid colon 
resembles the Greek omega more nearly 
than sigma.? 

The "trigger mechanism" for each case 
differs.? Diet, constipation, mental illnesses 
and central nervous svstem diseases have 
all been implicated. 

Whatever the initiating mechanism, tor- 
sion of the mesosigmoid occurs, usually in 
a counterclockwise direction. Simultaneous 
axial rotation of the bowel occurs, equal to 
twice the mesosigmoid rotation.® Sigmoid 
loop obstruction results (Fig. 4 and 2). 


ROENTGEN FINDINGS 


Similar findings have been noted in all 
children with sigmoid volvulus at Denver 
Children's Hospital. They are as follows: 

i. Nondiagnostic bowel pattern on the 
plain abdominal roentgenogram. 

2. Absence of the single sigmoid loop on 





The redundant loops are crisply outlined by 
air-contrast study, and a minute quantity of 
barium has passed the obstructed site. 
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the plain abdominal roentgenogram which 
is characteristic in adult patients. 

3. Proximal limb sigmoid obstruction as 
distinct from the distal limb obstruction 
seen in the adult. 

4. Hydrostatic reduction observed fluo- 
roscopically at routine barium enema study. 

c. The "twisted taper" configuration of 
the barium column proximallv at the site 
of mesosigmold and axial torsion. The 
term "twisted taper sign" is suggested to 
best describe the deformity of the barium 
column at the site of volvulus. This term 
gives an immediate word-picture, since 
many candles (tapers) presently Av ade 
have a design known as “twist tapers.” The 
term Js more descriptive of the actual ap- 
pearance than "bent inner tube," "bird's 
beak,” or tace of spades,” which have 


been used in the past. 





FIG. 4. A repeat examination, approximately 1 hour 
after the first, NE the narrow lumen at 
the proximal end of the volvulus. Some barium 
has leaked proximally. 


Volvulus in Children 
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Fic. g. Close-up of the narrow lumen. 


Torsional obstruction at the rectosig- 
moid junction is characteristic of adult 
sigmoid volvulus, but obstruction at the 
junction of descending colon and sigmoid 
colon is characteristic of the condition in 
children. Thus, "the twisted taper sign" ts 
produced by distal limb sigmoid obstruc- 
tion in adults, and by proximal limb sig- 
moid obstruction in children. 


SUMMARY 


Sigmoid volvulus is reported in a 2 vear 
old boy in whom an attempt at hydrostatic 
reduction under fluoroscopic control failed, 
necessitating surgical reduction. The diag- 
nosis was established preoperatively bv 
roentgen signs, the most important of 
which was the deformity of the barium 
column in the eee "m J of the volvu- 
lus. The term 
gested as a more 
older terms applie 
axial torsion. 

Proximal 


1s sug 


o e zi native to 
d to the mesosigmoid and 
obstruction is 


limb. sigmoid 
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characteristic of sigmoid volvulus in chil- 
dren, in contrast to the typical distal limb 
sigmoid obstruction in adults. 


Richard L. Lillard, M.D. 
Radiology Department 

Yale-New Haven Medical Center 
789 Howard Avenue 

New Haven, Connecticut 06504 
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GASTROINTESTINAL FINDINGS IN CYSTIC FIBROSIS* 


By HERMAN GROSSMAN, M.D., WALTER E. BERDON, M.D., 
and DAVID H. BAKER, M.D. 


NEW YORK, NEW YORK 


Co fibrosis is a hereditary disease 
of the exocrine glands. It involves the 
gastrointestinal tract with differing clini- 
cal presentations at ages that range from 
in utero to adulthood. This is, in addition to 
the chronic pulmonary disease, pancreatic 
insufficiency and abnormal loss of sweat 
electrolytes which are characteristic of 
most patients with cystic fibrosis. 


OBSTRUCTIVE MANIFESTATIONS 


Approximately Io per cent of infants 
born with cystic fibrosis have congenital 
intestinal obstruction (Fig. 1) due to the 
inspissation of abnormal meconium (meco- 
nium ileus). The abnormal character of the 
meconium is attributed to abnormal mucus 
and mucoprotein produced by the intesti- 
nal glands and probably, to a lesser degree, 
to pancreatic achylia.^ The terminal ileum 
contains a dried putty-like meconium and 
is the site of the obstruction. Proximal to 
this, the ileum 1s hypertrophied and greatly 
distended by extremely thick tenacious 
meconium. The fecal material becomes 
semifluid still further proximally and the 
dilatation of the ileum decreases. The roent- 
gen findings in meconium ileus (Fig. 2) 
where no secondary complications have oc- 
curred have been thoroughly reviewed.!?.15 
A bubbly appearance may be seen in the 
right or left side of the abdomen and is not 
pathognomonic for meconium ileus. 

Infants with meconium ileus who survive 
the initial surgery and hospitalization have 
the same prognosis as infants with cystic 
fibrosis beyond the neonatal period (Fig. 3). 
Meconium ileus in its various forms prob- 
ably accounts for the major portion of all 
cases of congenital intestinal obstruction. 

Volvulus of the ileum occurs in approxi- 


A} In utero 





Insplssated meconium Meconium 
{meconium ileus) peritonitis 
with intact 
Intestine 
With or without Volvulus Meconium plug 
meconium peritonitis syndrome 
Just prior 
to dellvery 
Atresia Pseudocy st May have 
(ileal or jejunal) gangrene 


Above conditions may occur with or without meconium perltonitls 


B) Postnatai 


Fecal masses) 


Mimic 
appendicitis 


Meconium Heus Intussusception 


equivalent 


Fro. 1. Intestinal obstruction in cystic fibrosis. 


mately one-half of the infants with meco- 
nium ileus. When this occurs just prior to 
delivery, gangrene may develop if the blood 
supply to the involved segments of bowel 
has been compromised for a sufficiently 
long period of time. If the volvulus happens 
in the mid to latter part of the third tri- 
mester, the loops of ileum become matted 
together and a gelatinous pseudocyst 
develops (Fig. 4). 

When the volvulus occurs in utero early 
in the last trimester, the matted loops of 
intestines necrose and become absorbed. 
Single or multiple atresias develop as a 
result of the injury to the blood supply 
(Fig. 5). Air-fluid levels are present early in 
this form of meconium ileus. The fluid 


* Presented at the Sixty-sixth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 28-October 1, 
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5. 
From the Departments of Radiology and Pediatrica, Babies Hospital, Columbia-Presbyterian Medical Center, New York, New York, 
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Fic. 2. One day old infant with bile stained vomitus, 
abdominal distention and obstipation. Barium 
enema study demonstrates a narrowed caliber 
colon ("microcolon") and a bubbly pattern in the 
loops of small bowel in the right upper quadrant. 
Meconium ileus was found at surgery. 


levels are in dilated loops above the blind 
end of the atresia. The inspissated meco- 
nium is usuallv still present in the remnant 
of terminal ileum. Intestinal atresia second- 
ary to injury to the fetal intestine has been 
demonstrated experimentally by Louw and 





Fic. 3. Same patient as in Figure 2 at 3 years of age. 
Frontal chest roentgenogram shows the lungs to be 
clear. 
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Barnard,? and Santulli and Blanc." 

Meconium peritonitis may be present 
with any of the above complications and 
results from the zz utero perforation of the 
intestine with calcification of the extruded 
sterile meconium. The calcification may be 
on the serosal or peritoneal surface or in the 
wall of the pseudocyst. The perforation 1s 
generally sealed over betore birth by the 
local inflammatory process. Meconium 
peritonitis is present in one-third of the 
infants with meconium ileus. 

The majority of patients with meconium 
peritonitis are recognized because they 
have signs and symptoms of congenital 
intestinal obstruction. The prognosis of 
these patients is poor. Recently, we exam- 
ined 3 infants with roentgenographic evi- 
dence of meconium peritonitis, but with 
intact intestinal tracts and no abnormal 
gastrointestinal symptoms (Fig. 6, Z and 
B). One patient in addition to peritoneal 
calcification had lime salts in the scrotum. 
The intestinal perforation occurred at a 





Fic. 4. Newborn with abdominal distention and 
vomiting. Lateral roentgenogram of the abdomen 
demonstrates a protuberant abdomen and dis- 
placed duodenum and proximal jejunum by a mass. 
Meconium ileus with a pseudocyst of the ileum 
was found at surgery. 
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time when the peritoneal cavity and the 
processus v; aginalis were in communication. 
All patients were subsequentlv proven to 
have cvstic fibrosis. 

Intestinal glands secreting abnormal 
mucus and mucoprotein can account for the 
formation of abnormal meconium, perfora- 
tion, formation of meconium peritonitis 
and subsequent sealing over of the perfora- 
tion site, Since 20 per cent of patients with 
cvstic fibrosis have normal pancreatic en- 
zymes, relatively normal gastrointestinal 
function can be anticipated as long as ob- 
structive symptoms do not develop as a 
complication of the perforation. 


Some newborn infants have difficulty 
passing the first meconium. stool, with 


en the 
signs of intestinal 


signs of intestinal obstruction. Wh 
meconium ts passed, the s 


obstruction disappear. This has been called 





Fic. g. Newborn with abdominal distention and 
vomiting. L ;pright roentgenogram of the abdomen 
demonstrates air-Buid levels early in the course of 
meconium ileus, At surgery, inspissated meconium 
in the terminal ileum and a high ileal atresia were 


found. 


Gastrointestinal Findings in Cystic Fibrosis 229 





Fic. 6. Roentgenographic studies in a 3 week old 
infant as part of a werk-up to rule out congenital 
anomalies. A sibling died in infancy of an unknown 
cause; nc autopsy was performed. (4) Roentgeno- 
gram of the upper abdomen shows calcium under 
the right dome of the diaphragm. (B) Roentgeno- 
gram of the scrotum demonstrates a collection of 
calcium :n the scrotal sac. Because of the meco- 
nium peritonitis, a sweat test was done. Abnor- 
mally high electrolytes were present, confirming 
the suspected diagnosis of cystic fibrosis. 


the “meconium plug syndrome." This diag- 
nosis should not be made without excludit ing 
cvstic fibrosis and Hirschsprung's disease, 
as both of these entities mav present as the 
meconium plug syndrome (Fi y. 
Inspissated small bowel content causing 
intestinal obstruction beyond the newborn 
period has been called “meconium ileus 
equivalent." 5 Although this complication 
of cystic fibrosis is infrequently reported,’ 
it pr obably will become more common as 
survival of these children is prolonged. 
This complication more often occurs in 
older children, although we have seen it in 
a patient only 8 days of age. Instances of 
this complication have been seen following 
a change from an uncontrolled to a low fat 
diet and following inadequate dosage or 
omission of pancreatic enzymes (Fig. 8; 9; 


and 1o, .¢ and B). 





Fic. 7. Thirty hour old infant with progressive ab- 


dominal distention since birth. Barium enema 
studv shows a normal caliber colon with a meco- 
nium plug from the rectum to the mid-transverse 
colon. Small bowel distention and intramural air 
("pneumatosis intestinalis’) are also present. A 
false negative sweat test was obtained. A meco- 
nium cast was passed within 48 hours of age and 
the abdominal distention subsided. Re-admitted 
at 21 months of age for failure to thrive. Diagnosis 
of cystic fibrosis was established by repeated sweat 
tests and confirmed at autopsy. 


Because of the poor pulmonary status of 
most of the patients with cystic fibrosis, 
nonsurgical management would be desir- 
able. When meconium ileus equivalent is 
present, medical treatment can often be ac- 
complished by administering pancreatic en- 
zymes by both nasogastric tube and enema, 
and enemas of detergent solutions, saline 
solutions and mineral oil. Although clinical 
suspicion of the correct diagnosis should be 
aroused when mechanical obstruction oc- 
curs in a child with cystic fibrosis, the diag- 
nosis :s made by roentgenography. Ab. 
dominal roentgenograms show a bubbly 
appearance in the distal small bowel and 
proximal colon. Contrast enema studies 
mav be necessary to distinguish small from 
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large bowel. A water soluble medium may 
be preferable in order to avoid inspissation 
of the barium. 

A palpable mass in the right lower 
quadrant due to inspissated feces is fre- 
quently encountered. Severe abdominal 
pain may be associated, suggesting acute 
appendicitis. These masses may act as a 
“leader” for ileocecal or ileo-ileal intussus- 
ception. Although the possibility of intus- 
susception has been suspected in many 
cvstic fibrosis cases with abdominal pain, 
we have demonstrated it infrequently 
(Fig. 11). 


ABDOMINAL DISTENTION WITHOUT 
INTESTINAL OBSTRUCTION 


Marked distention of the abdomen mav 
be noted without intestinal. obstruction. 
Ascites and intestinal gas can present di- 
lemmas in diagnosis (Fig. 12). 

Ascites in the newborn is rare. [ts as- 
sociation with colon perforation and me- 





Fic. 8. A newborn with a family history of cystic 
fibrosis had surgery for intestinal obstruction due 
to meconium ileus. The meconium was removed 
and an ileostomy was pertormed. One week later 
the abdomen again became distended and a roent- 
genogram showed dilated small intestine with the 
bubbly fecal content in the small intestine of “me- 
conium ileus equivalent.” The ileostomy stoma ts 


on the left lower quadrant of the abdomen. 
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Fic. 10. An adult male in his twenties with known 
cystic fibrosis since childhood had eliminated 
pancreatin from his diet for several years. He was 
admitted for crampy abdominal pain, vomiting, 
and constipation. (A) Abdominal study demon. 

strates a bubbly pattern in the left lower quadrant. 

(B) Barium enema study shows that the bubbly 

pattern is in the small intestine. Many loops of 

dilated small intestine are seen. The obstruction 
was relieved by detergent enemas. 


conium peritonitis Is even more uncommon. 
The ascites in the patient shown 1n Figure 
13,7 and B is presumably from swallowed 
amniotic fluid, in spite of the pertoration 
being so distal in the intestinal tract. The 
perforation site on the surgical specimen 





hic. 9. Ag vear old male with known cystic fibrosis 
sporadically omitted pancreatic enzymes from his 
meals. Obstipation developed, associated with 
abdominal pain, Barum enema study demon- 

l 


strates feces throughout the colon and a bubbly 
pattern in the distal small bowel, Pancreatic en- 
zyme and detergent enemas relieved the obstruc- 
tion and the dilatation of the small intestine 
subsided. 


Gastrointestinal Findings in Cystic Fibrosis 





was interpreted as an anoxic ulcer. Meco- 
nium ileus or a volvulus was not present. 
The colon perforation was probably a very 
late in utero complication and not directly 





bg T 
enzyme supplementation. Intermittent constipa- 


À 14 month old infant on no pancreatic 


tion since birth, Barium enema study showed an 
ileocecal intussusception due to a fecal mass in the 
terminal ileum acting as a "leader." The intussus- 
ception was reduced and fecal masses were passed 
with detergent enemas. 


related to the meconium peritonitis, which 
probably was an earlier event. 

Hy nd due to malabsorption 
or cirrhosis of the liver may cause ascites. 
Infants unsuspected of having cvstic fibro- 
sis often have their formulas changed when 
diarrhea develops. Sov bean formula which 
is less allergenic than cow's milk is often 
used. This source of protein has been found 
to be poorly utilized by infants with cvstic 
fibrosis and has caused hypoproteinemia 
and anasarca (Fig. 14, Æ and B) in infants 
subsequently proven to have cystic fibrosis. 
Human milk has alow protein content com- 
pared to cow's milk and it too may be more 
apt to lead to hypoproteinemia.® These in- 
fants are frequently admitted to the hos- 
pital for evaluation of congenital nephrosis 
which can be ruled out by a normal urin- 
alysis and serum cholesterol. Although few- 
er than 30 cases have been reported, 10 pa- 
tients with this complication have been 
seen at Babies Hospital. None of these pa- 
tients was found to have a protein losing 
enteropathy. Cystic fibrosis should be con- 
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sidered in any infant with edema and a nor- 
mal urinalysis. However, with edema, false 
negative sweat tests may be obtained. 

Ascites secondary to cirrhosis and hypo- 
proteinemia may be the presenting symp- 
tom in a child with cystic fibrosis (Fig. 15). 
Focal DHT cirrhosis is commonlv seen at 
autopsy.’ The majority of these patients 
die of respiratory complications and do not 
have clinical or laboratory findings to sug- 
gest liver abnormalities. As multiple foci 
merge, a multilobular biliary cirrhosis with 
portal hy pertension dev elops. This com- 
plication occurs in approximately 2 per 
cent of patients with cystic fibrosis (Fig. 16, 
A and B). As the liver attempts to regener- 
ate, an enlarged nodular liver forms which 
may cause pressure irregularities along the 
duodenal sweep (Fig. 17). 

The biliary cirrhosis is initiated by in- 
spissation of bile ductules, presumably by 
abnormal secretory products of exocrine 
glands. Cystic fibrosis is not an all or none 
disease and the involvement of the liver 
provides another example of the variability 
of this disease. Several of the patients with 
severe cirrhosis have had very mild pulmo- 
nary disease. Icterus has been absent. As- 
cites associated with cirrhosis of the liver, 
especially in an older child, should suggest 
the possibility of cystic fibrosis. 

Diarrhea in infancy is often associated 
with considerable gas in the intestinal tract 
and abdominal distention. Total colon 
aganglionosis generally presents the roent- 
genographic findings of a normal caliber, 
relatively shortened colon. The neonatal 
history in these patients is one of bile 


Intestinal perforation 
fassociated with or without 


A! Ascites meconium peritonitis) 


Malabsorption 


; TNCS (infants! 
Hypoproteinemia 
Cirrhosis 
8! Intestinal gas ichildreni 
imimicing total colon 
aganglionosis} 
C! Fecal masses 


12. Abdominal distention without 
intestinal obstruction. 


Fic. 
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(1) An intravenous pyelogram shows the liver to be well outlined due to the "bodvgram" effect. Small in- 
testinal loops are "Hoating" in the ascitic fluid. Air bubbles are in the right upper quadrant. At surgery, a 
perforation of the transverse colon was found and was considered to be due to an anoxic ulcer. (B) The 
postoperative roentgenogram of the abdomen clearly shows calcium in the peritoneum (meconium peri- 
tonitis: which was not well visualized preoperatively. 


stained vomitus.) Intermittent diarrhea 1s 
common. An infant with the findings on 
barium enema examination suggesting to- 
tal colon aganglionosis (Fig. 18, Z and 5), 
but not vomiting bile during the first week 
of life, stresses the importance of the neo- 
natal history. 

The pathogenesis of other lesions in the 
intestinal tract of patients with cvstic fibro- 
sis 18 less well understood than that already 
described. Gastrointestinal examination, 
using nonflocculating barium, usually dem- 
onstrates a normal mucosal pattern and 
caliber. However, we have observed several 
older children with a bizarre pattern 
(Fig. 19, Æ and B) of markedly thickened 
and distorted mucosal folds, and mildly 
dilated loops which were not edematous or 


r 


separated. Three of the children demon- 
strated severe involvement from the lga- 


ment of Treitz to the rectum. Five addi- 
tional children. were noted to have less 
marked mucosal changes and localized dis- 


ease in segments of small or large intestine. 
A “cobblestone” appearance of the mucosa 
of the colon has been described, ë but in- 
volvement in the small bowel has not been 
previously reported. 

The pattern may resemble that seen in 
patients with Iv mphangiectasia of the in- 
testine (protein losing enteropathy), but 
edema of the bowel wall and separated 
loops are present in this disease, differen. 
tiating it from cystic fibrosis. Acanthocy to- 
sis (8-lipoprotein abnormality) may mimic 
this pattern, but is easily ditterentiated 
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lic. 14. A 10 week old infant admitted with anasarca and a presumptive diagnosis of congenital nephrosis. 
The infant was on a soy bean formula for diarrhea. (4) On abdominal roentgenogram the flanks are pro- 
tuberant and the loops are separated by bowel wall edema and ascites. (5) Lateral decubitus roentgeno- 
gram shows a moderate accumulation of pleural fluid. In view of normal urinalyses, cystic fibrosis was con- 
sidered as a possible cause of the anasarca and this was proven by abnormal sweat electrolytes. 





Fic. 15. Ag year old female was seen for the gradual 
enlargement of her abdomen; she was otherwise 


asymptomatic, Physical examination revealed 
ascites and a large, nodular liver. On the post- 
evacuation barium enema roentgenogram, the 
mucosa of the colon is edematous and loops of 


from cvstic fibrosis by the characteristic 
spurring of the red blood cells seen on a 
blood smear.” 

Thus far, no correlation has been found 
between this abnormal pattern in the in- 
testinal tract and cirrhosis of the liver or 
hvpoproteinemia. Abnormal mucoproteins 
of the duodenal juices’ and malabsorption 


of both neutral fats and fatty acids’ indi- 
cate abnormal secretions of intestinal 


glands inaddition topancreatic dysfunction, 
Histologically, variations from the normal 


are found in the intestinal tract.’ What 


role these abnormalities may play in the 
pathogenesis of this bowel pattern is not 
known since adequate biopsies have not 
been done on our patients to date. 
Diabetes has been encountered in pa- 


small bowel are separated. Diagnosis of cystic 
fibrosis was established by abnormal sweat electro- 
lv tes. 
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hic. 16. G4) Splenoportogram of a child with cystic fibrosis demonstrating esophageal varices. (4) Lateral 
| 


chest roentgenogram with barium in the esophagus shows filling defects due to the tortuous esophageal 


veins. Chronic pulmonary disease is also present. 


tients with cystic fibrosis. Di Sant'Angnese 
and Lepore? reported 2 children trom Ba- 
bies Hospital with diabetes in over 600 
children with evstic fibrosis. These patients 
were 10 and 13 years of age at the onset of 
diabetes. One child had a family history of 
diabetes. Abdominal roentgenograms de- 
monstrated multiple flecks of calcifications 
in the pancreas (Fig. 20) ot both patients, a 
most unusual finding in cystic fibrosis. 
Rosan e£ aL, ? discovered 10 of 1,000 children 
with cvstic fibrosis to have diabetes, only 1 
had roentgenographic evidence of calcifi- 
cation in the pancreas. 

Nlany patients with cystic fibrosis have 
died in early infancy, before diabetes would 
be expected to develop. It is likely that dia- 
betes with or without pancreatic calcifica- 
tions may be encountered more frequently 
as the average age of the patients increases. 
A higher incidence of diabetes has been 
noted in relatives of patients with cystic 
fibrosis; the reason for this 1s unexplained. 

Duodenal ulcers are found more fre- 
quently at autopsy than in clinical expe- 
rience. On theoretic grounds, an association 
of duodenal ulcers and evstic fibrosis 


would be expected because of the lack of 


buffering of gastric acid by duodenal pan- 
creatic secretion. Acidosis due to chronic 
respiratory insufficiency, especially in the 
terminal months, may plav a role in the 
pathogenesis of the ulcers found at autopsy. 
The number of cases of duodenal ulcers 
demonstrated ante mortem in children with 
cystic fibrosis is small (Fig. 21). 





A 12 year old female with known cystic 
fibrosis since infancy. Her pulmonary disease has 
been under good control, but cirrhosis of the hver 
has been noted for 2 vears. Upper gastrointestinal 
study shows that the first portion of the duodenum 
is indented irregularly by the enlarged, nodular 
liver. 


iios ds 
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Vic, 18, A 3 month old infant with intermittent diarrhea since birth and an erroneous history of bile stained 
vomitus, which led to the suspicion of total colon aganglionosis. (4) On the upright roentgenogram of the 


* 


abdomen, dilated small intestine with air-fluid levels is present. (B) Barium enema study shows a normal 
caliber, slightly shortened colon. Rectal biopsy was normal, excluding aganglionosis. Because of the 


at 


diarrhea, a sweat test was done and the diagnosis of cystic fibrosis was established. 


pu 





Fic. 19. An 8 year old male with cystic fibrosis diagnosed in early childhood had intermittent, generalized ab- 
dominal pain. C7) Small bowel study demonstrates an erratic mucosal pattern with mild dilatation of the 
loops of intestine. (B) The postevacuation barium enema roentgenogram shows an irregular mucosal pat- 
tern similar to that in the small intestine. 
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Fic. 20. À 10 vear old female with known cystic 
fibrosis since early. childhood. Abdominal roent- 
genogram shows multiple calcifications in the pan- 
creas at the time the diabetes was recognized. 


SUMMARY 


I. Cvstic fibrosis is a generalized disease 
due to dysfunction of exocrine glands. Gas- 
trointestinal manifestations may occur 
from zz utero to adulthood. 

2. Meconium ileus and secondary com- 
plications such as pseudocysts and atresias 
are the major causes of congenital intestinal 
obstruction. 

3. Edema may be the presenting symp- 
tom due to hvpoprotei inemia, This may be 
secondary to malabsorption in the infant 
and due to cirrhosis in the older child. 

Inspissated small bowel contents af- 
ter the newborn period may act as a “lead- 
er" in intussusception, simulate acute ap- 
pendicitis, or cause intestinal obstruction 
E ileus equivalent"). 

The pathogenesis of a bizarre pattern 
in tiis = small and large intestine, calcification 
of the pancreas and duodenal ulcers are less 
well eo than the other gastroin- 
testinal findings presented. 


Herman Grossman, M.D. 

The New York Hospital—Cornell Medical. Center 
525 East 68th Street 

New York, New York 
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21. A chronically ill 8 year old male with epi- 
gastric pain for several months and one episode of 
hematemesis. Upper gastrointestinal study demon 
strates a large postbulbar ulcer. 
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ANGIOGRAPHIC EVALUATION OF ANURIA 
IN THE NEWBORN* 


By MELVIN P. JUDKINS, M.D., and CHARLES T. DOTTER, M.D. 


PORTLAND, OREGON 


AURA in the newborn is common dur- 
ing the first 24 hours of life, being 
present in about 30 per cent of the infants.’ 
When persistent for a longer period of time, 
it is usually due to such severe renal 
dysplasias as renal agenesis and polycystic 
disease or complete obstruction of the 
urinary tract. It is important to diagnose 
definitively the presence or absence of the 
occasional surgically correctable lesion. 
Suprapubic puncture of the bladder, when 
positive, is an aid in making a diagnosis. 
Retrograde femoral aortography, how- 
ever, is a relatively simple and precise 
method of determining the presence of 
renal parenchyma. Recently, such apro- 
cedure performed on an anuric infant 
quickly established a definite diagnosis of 
bilateral renal agenesis. 


REPORT OF A CASE 


I.H. (No. 33-83-90), a 3 day old, 1,785 gm. 
premature female of about 30 weeks’ gestation, 
was transferred to University of Oregon Med- 
ical School Hospital for evaluation. The infant 
became tachypneic 2 hours after delivery, but 
was not cyanotic; a chest roentgenogram was 
negative. Failure to void was soon noted; the 
blood urea nitrogen was 65 mg. per cent. The 
suprapubic tap failed to recover urine. On ad- 
mission, the infant’s respirations were labored. 
The ears were deformed and low-set; there was 
edema about the eyes, and the left hip was dis- 
located. A urethral dimple was present, but the 
urethra was not patent. The provisional differ- 
ential diagnosis was bilateral ureteropelvic ob- 
struction, urethral atresia or congenital renal 
agenesis. Emergency abdominal aortography 
was performed (Fig. 1, 4 and B), and a diag- 
nosis of congenital bilateral renal agenesis was 
established. The infant expired of respiratory 
failure at 6 days of age. The blood urea nitro- 
gen was 98 mg. per cent. Autopsy revealed com- 


plete absence of kidneys, renal arteries, ureters, 
urinary bladder and urethra. 


COMMENT 


The reported incidence of bilateral renal 
agenesis is about 1:4,000 births; 70 per 
cent are males. Most often these infants 
are premature. If carried to term, little 
weight 1s gained after the 32nd week. The 
majority dies of respiratory failure within 
a few hours. One infant has reportedly 
lived for 39 days." 


EMBRYOLOGY 


A normal kidney is formed only when a 
ureteral bud originates from the meso- 
nephric duct and penetrates metanephro- 
genic mesoderm. The stimulus of the 
branching ureteral bud is essential for 
the differentiation of this nephrogenic cap’ 
(Fig. 2). Apart from rare hereditary ab- 
normalities, the primary cause of dys- 
plasia is developmental inhibition or ar- 
rest.! The fetal kidney forms between the 
5th and 7th weeks. It is during this period 
that the developing kidney 1s vulnerable to 
environmental influences such as nutri- 
tional deficiencies and endocrine disturb- 
ances, or to infectious, chemical (drugs) and 
physical agents. Abortogenic drugs such as 
the protoplasmic poison quinine may be a 
significant cause. 

If the ureteric buds do not form, the 
metanephros (kidney) will not develop. 
'The absence of fetal urine results in oligo- 
hydramnios, which in turn leads to posi- 
tional abnormalities of the extremities and 
pulmonary hypoplasia. A characteristic 
facial appearance is said to accompany the 
absence of renal function. “The face is 
characterized by a prominent epicanthic 


* From the University of Oregon Minthorn Memorial Laboratory for Cardiovascular Research Radiology. 
Aided by grants from the U. S, Public Health Service (H-3275 and H-6336 and 6F2 HD 23, 838), the Oregon Heart Association, and 
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Fic. 1. Abdominal aortograms. Serial roentgenograms were obtained following a hand injection of 3 cc. of 60 
per cent conray through a PE 120 catheter inserted via the right superficial femoral artery. (4) Arterial 
phase. All of the usually recognized branches of the abdominal aorta except the renal arteries can be identi- 
fed. (B) Nephrographic phase. A nephrogram is not observed. 


fold, a flattened nose, large, imperfectlv 
formed ears set low on the head and often 
less upright than normal, and an un- 
pleasant, senile expression” (Potter's syn- 
drome).? 

At least 85 per cent of infants with bi- 
lateral renal agenesis have tvpical facial 
characteristics.? This 1s related to the ab- 






«eNephrogenic COIdec Ren 


Mesonephric düucbe s 


"Ureteric bud 


sence of kidnev function rather than to a 
specific malformation. Any infant with a 
severe urinary tract dysplasia or anomaly, 
therefore, may present a similar appear- 
ance. 


DISCUSSION 


The differential diagnosis of an anuric 










Cloacal 
membrane Bladder- 
~Cloaca 
Cloacal 
~Tailgut membrane c 
Rectum Metanephrogenic 
tissue 
5 WEEKS 6 WEEKS 


Fic. 2. Diagram showing the early stages of the embryonic development of the urinary 
tract (after Arey'). 
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state 1n a newborn includes such severe 
dysplasias and anomalies as renal agenesis, 
polycystic disease, urethral atresia, and 
ureterovesical or ureteropelvic obstruc- 
tion. The case reported did not present 
entirely typical Potter’s facies. Because the 
urethra was not patent, it was possible 
that an obstructive uropathy was present. 
When there is a possibility that a sui rically 
correctable lesion is present, aortog ¢ -aphy 
can be used to determine quickly the 
presence of renal arteries or parenchyma. 
Even if the diagnosis is bilateral renal 
agenesis, the clinician will be able to ad- 
vise the parents of the prognosis and can 
follow a conservative treatment plan. 


SUMMARY 


The differential diagnosis of anuria in 
the newborn over 24 hours of age includes 
severe renal dysplasia and complete uri- 
nary obstruction. The latter is rare, but may 
be correctable. When it is reasonable to 
expect that significant information can be 
gained, aortogr raphy is indicated and feas- 
ible even in a premature infant. 

The use of angiography to establish the 
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diagnosis of bilateral renal agenesis in a 
1,785 gm. infant is reported. 


Melvin P. Judkins, M.D. 
Department of Radiology 

University of Oregon Medical School 
3181 S.W. Sam Jackson Park Road 
Portland, Oregon 97201 
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|. “CONGENITAL INDIFFERENCE TO PAIN* 


By STANLEY S. SIEGELMAN, M.D., WALTER G. HEIMANN, M.D.,i 
and MARTIN C. MANIN, M.D. 


BRONX, NEW YORK 


TE condition of congenital indiffer- 
ence to pain was first reported by 
Dearborn‘ in 1932 as a case of “congenital 
general pure analgesia." The term was ap- 
plied to a 44 year old man who could 
tolerate penetration of a large number of 
needles and who exploited this disorder by 
advertising himself as a "human pin- 
cushion," Subsequent recognition of a small 
number of individuals with congenital in- 
difference to pain has resulted in excellent 
articles on this subject.?: 9:1 The condition 
is relatively rare; to our knowledge less 
than 5o authenticated cases have been re- 
corded. 

Á patient exhibiting the typical mani- 
festations of the disorder has been followed 
at the Montefiore Hospital and Medical 
Center for the last 8 years. This report is 
a brief exposition of the salient features of 
the entity with emphasis upon the char- 
acteristic roentgenologic manifestations. 


REPORT OF A CASE 


R.V. was a product of a normal full-term 
pregnancy and a spontaneous delivery. In the 
first year of life (1950), he was admitted to the 
Neurological Institute of the Columbia Presby- 
terian Medical Center in New York City, with a 
history of bleeding from intraoral ulcerations. 
Án area of swelling was present in the right 
parieto-occipital area. Several fingers showed 
scars due to burns. A neurologic consultant 
mentioned the fact that the child felt no pain. 
There were no other neurologic abnormalities. 
A fissure fracture of the right occipital bone 
was present. A combined ventriculogram and 
pneumoencephalogram revealed no abnormal- 
ity. 

In 1953 the patient was described by his 


mother as a rough and aggressive child who had 
continued to sustain burns and bruises without 
complaint. The child earned a rating of “bright, 
normal:intelligence" on psychometric testing. 
No abnormality was noted in a careful evalu- 
ation of cranial nerves, coordination and motor 
function. Temperature, light touch, and posi- 
tion senses were intact. There was no reaction 
to pressure on the Achilles tendon or testicles. 

At the age of 6 years he was seen at Monte- 
fiore Hospital with fever and a swollen left knee. 
Physical examination revealed: a. scarred left 
knee. The joint was swollen and tense and there 
was limitation of flexion. Aspiration yielded ṣo 
cc. of cloudy yellow fluid. A roentgénographic 
examination of the knees was obtained (Fig. 1, 
A and B; and 2, 4 and B). 

Although osteomyelitis was suspected, a 
bone tumor could not be excluded with cer- 
tainty and a biopsy of the left medial femoral 
condyle was performed. The specimen revealed 
chronic inflammatory granulation tissue. 

A follow-up examination of the right knee 
was obtained at the age of 9 years (Fig. 3, 4 and 
B). The patient was last seen in the Orthopedic 
Department of Montefiore Hospital at the age 
of 14 years. Physical examination showed a 
well developed white male, height 61.5 inches, 
weight 106 pounds. There was marked scarring 
of the tongue and advanced carious tooth decay. 
Both knees and ankles were deformed. The right 
knee was ballotable and small bone fragments 
were palpable on the lateral inferior surface of 
the patella (Fig. 4, 4 and B). An arthrotomy of 
the right knee was performed. The synovium 
was markedly thickened. Multiple loose bodies 
were removed and a lateral meniscectomy and 
synovectomy were accomplished. Roentgeno- 
graphic study of the right ankle was also ob- 
tained. This revealed neuropathic changes in- 
volving the talonavicular joint (Fig. 5). The 
patient recovered uneventfully from knee 
surgery and is attending high school. 


* Presented at the New York Roentgen Society Spring Conference, New York, New York, April 30, 1965. 
From the Departments of Radiology (S.S.S. and W.G.H.) and Orthopedic Surgery (M.C.M.), Montefiore Hospital and Medical 


Center, New York, New York. 


t Present Address: Manchester Memorial Hospital, Manchester, Connecticut, 
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». Right knee at age of 9 years. (4 and B) Sclerosis about the widened epiphyseal plates. Progression of 


aseptic necrosis of lateral femoral cond vie. 


CLINICAL FEATURES 

Congenital indifference to pain 1s a dis- 
order characterized bv an intact peripheral 
sensory apparatus. All sensory stimuli can 
be identified at normal threshold levels.’ 
Those with this disorder, however, do not 
respond in the usual manner to noxious 
stimuli. Burns and penetrating trauma are 
perceived as such but there is an absence 
of crying, discomfort, or defensive reaction 
as if the individual were indifferent. Some 
advocate the term "congenital insensitivity 
to pain" and believe that although these 
individuals possess the ability to discrimi- 

nate sharp from dull, thev accomplish this 
by means of a combination of touch and 
pressure clues and are actually insensitive 
to pain stimuli." Between 1940 and 1960 
there were IO cases reported under the 
name or “congenital insensitivity to pain,’ 
and 13 cases under the name of “‘congen- 
ital indifference to pain."* 


The manifestations are usuallv detected 
in the first vears of life. Clinical histories 
include ulcers of the tongue, numerous 
bruises and injuries, burns from radiators 
and stoves, and neglected fractures of the 
extremities. 


ROENTGEN FEATURES 

The cardinal roentgen findings reflect the 
reaction of the skeletal system to repeated 
episodes of trauma at various stages of 
skeletal development. Fanconi and Ferraz- 
zini? presented an excellent study of the 
skeletal features. Important contributions 
have also been made by Silverman and 
Gilden," Murray,® and Caffey.2 In Table i 
we asunar ad the roentgen mani- 
festations of this disorder. 

The age of the individual determines the 
cn of skeletal reaction. The periosteum 
in the infant is more loosely attached than 
in the older child or adult. Osseous i injuries 
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Vic. 4. Aight knee at age of 14 years 


in infants are associated with subperiosteal 
hemorrhage and eventually with an exten- 
sive participation by the periosteum in the 
repair process. Cortical thickening is a 
common phenomenon following osseous 
trauma in infancy. 

In approximately one-third of the ana- 
lyzed ordinary fractures are en- 
countered. Thus, fractures of the skull, the 
long bones and the tubular bones of the 
hands and feet have been described. Ab- 
normalities in the metaphyseal area as 
contrasted to the shafts of bone are typi- 
cally encountered as a response to trauma 
in the growing skeleton. The provisional 
zone ot ossification with the attached epi- 
physis may be disrupted and ne 
This changes the axis of growth of the 


Cases, 


. (4 and B) Advanced avascular necrosis of lateral femoral condvie. 


shaft and produces a gross deformity. Fol- 
lowing repeated microtrauma, one may 
encounter widening of the epiphy seal plates 
without actual displacement ot the epi- 
physis (Fig. 3, Z and B). Rickets has been 
erroneously diagnosed in such cases and 
the roentgenographic resemblance is no 
doubt present. Silverman and Gilden" 
cited the widening of the epiphvseal pk ites 
and theorized that the combination of 
metaphyseal abnormalities may be the 
childhood counterpart of the neuropathic 


joint of the adolescent and adult. 


A most interesting feature of repeated 
skeletal microtrauma is the occurrence of 
areas of aseptic necrosis and osteochond ritis 
in the juxta-articular regions of the weight- 


Psi. 


Eus long bones. The hip, the knee, and 
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Fic. g. Right ankle at age of 14 years. Right talon- 
avicular joint with neuropathic change. 


the ankle are most often affected. Repeated 
malposition from movement of insensitive 
joints beyond their normal range with 
associated stress on articular surfaces is the 


dynamic explanation for this occurrence. 
Prolonged joint stress mav eventually lead 
to the disruption of Joint integrity. The 


right knee of the patient under ‘discussion 
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hypertrophy, degenerated cartilages, and 
loose osseous tragments indeed represents a 
neuropathic joint. Other instances of 
neuropathic joints have been reported, ° 
and Murrav? indicates that one should 
suspect congenital indifference to pain in 
any child presenting with neuropathic 
joints. 

A final general category of disease is 
that of inflammation. This is usually a 
subacute metaphyseal form of osteomve- 
litis. Most frequently, one encounters in- 
dolent areas of osteomyelitis presenting as 
fairly-well circumscribed metaphyseal foci. 
The exact pathogenesis for the occurrence 
of osteomyelitis has not been definitively 
established. It is probably a result of a 
combination of neglected skin infections, 
infected burns, and trauma, the latter 


mation. As the individual grows older, 
there is a tendency toward greater aware- 
ness of the disorder with compensation 
through avoidance of injury. Thus, gross 
fractures and active osteomyelitis are 
much less common in later childhood or 
adult life. 


SUMMARY 


A patient with congenital indifference to 


with subluxation, joint effusion, svnovial pain has been followed tor 15 years. We 
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have attempted to explain and emphasize 
the following 4 characteristic roentgeno- 
logic features: (1) circumscribed meta- 
physeal foci of osteomyelitis; (2) widening 
of the epiphyseal plates; (3) multiple foci 
of aseptic necrosis involving the’ weight- 
bearing joints; and (4) neuropathic joints. 


Stanley S. Siegelman, M.D. 

Department of Radiology 

Montefiore Hospital and Medical Center 
III East 210th Street 

Bronx, New York 10467 
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TEETH IN EXTRAOVARIAN TERATOMAS 
By ROBERT J. GORLIN, D.D.S., M.S.,* and JUSTIN J. WOLFSON, M.D.t 


MINNEAPOLIS, MINNESOTA 


B TT teeth so rarely are found in 
extraovarian teratomas, a new case 
merits a short communication. Despite a 
rather thorough search of the literature, we 
have been able to find only a few well docu- 
mented cases (Table 1). In these instances, 


the teratomas have been found in the pitu- 


itary region? pineal area,* 94? third ventri- 
cle,* sacrococcygeal area,9191719 anterior 
mediastinum,I*?? posterior mediastinum,? 
stomach,*? face, ^ and external auditory 
canal.?4 





TABLE I 
i Type, Size and Sexof 2e of 
Authors Year Yocsbon Teeth Patient Patient 
(yr.) 
Boehm‘ I9Ig Cystic, 3rd ventricle filled Embryonal but no formed M 9 
out and distended teeth 
Becco? 1929 Auditory canal Cyst with molar tooth M [5 
Rigby?? I932 Pituitary area Numerous permanent teeth M 2 
Willis? 1935 Partly cystic, anterior me- 1 partially developed tooth ? P? 
diastinum, | 11 X 10X 10 
cm. 
Raven 1935 Cystic, rectal.sacrococcyg- 2 well formed teeth 1 ? F 39 
eal area, 5X4X4 cm. 
Marshall 1936 External auditory canal Dermoid cyst containing 2 ? I5 
imperfect molars (3rd 
molar missing) 
Bochner and 1938 Cystic, 3rd ventricle, 5.5 Several embryonal and M 9 
Scarff? X3.5X 5.5 cm. formed teeth 
Seemani? 1948 Cystic, sacrococcygeal area, 12 well formed teeth M 29 
29X21 X10 cm. 
Gross 1951 Sacrococcygeal area Histologic evidence of den- Not Not 
et al. tal tissue given : given 
Ravitch and 1951 Sacrococcygeal area Histologic evidence of den- Not Not 
Smith" tal tissue given given 
Erich and 1953 Right cheek Multiple teeth Congenital 
Johnsen’? 
Handelsman 1955 Mass, 12X8 X6 cm. arising Histologic evidence of den. M 4 mo. 
el al’ from anterior wall of tal tissue 
stomach 
Davidoff and 1955 Pineal area Well formed teeth M 29 
Epstein? 
Le Roux" 1960 Anterior mediastinal mass Present—not described F 16 
1960 Anterior mediastinal mass  Present—not described M 38 
connected to thymus by 
pedicle 
Howard 1961 Posterior mediastinum, 5 Several teeth M 4 
ef al cystic masses 
Kroening” 1962 Cystic, pineal area, 6 cm. 1 bizarre tooth M 3 
in diameter 
Gorlin and Cystic, pineal area, 4 cm. 12 to 14 well formed teeth M 12 
Wolfson in diameter | 





* Department of Oral Pathology, University of Minnesota, Minneapolis, Minnesota. 
+ Department of Radiology, University of Minnesota, Minneapolis, Minnesota. 
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The so-called “teratoma of the pitu- 


LUN described by Pflüger and Schür- 
mann" appears more likely to have been an 


ameloblastic odontoma or compound odon- 
toma than a teratoma. A similar lesion was 
described by Kalnins and Rossi. © Beck,! 
in 1883, reported a pituitary teratoma with 
teeth, but the microscopic description 
would suggest a compound odontoma since 

other than dental tissues were absent. Be- 
cause the anterior pituitary has its origin 
in oral ectoderm, the development of an 
odontogenic tumor in the pituitary area is 
certainly plausible. 


REPORT OF A CASE 


R.H., a I2 vear old boy, was seen at the 
University of Minnesota Hospit tals for the first 
time on November 8, 1961, 
double vision and an unsteady right hand. Fi 
months before, he was unconscious for 3 ions 
having been thrown to the ground in a tractor 
accident, After the accident he noted double 
vision and was unable to move his right arm for 
à period of 1 month. Function of this extremity 
was, to a great extent, restored. One month be- 
fore admission, the patient suffered a convul- 
sion, which was followed by a second seizure 3 
weeks later. The first attack was preceded by 





roentgenogram demonstrating 
teeth in various stages of development 


La tera al 
numerous 
in the pineal area, 
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lic. 
various,crown forms of the teeth. 
opment is largely missing. 


vertigo and followed by twitching of the right 
arm and head and 20 minutes of unconscious- 
ness, 

Physical examination revealed the following 
pertinent findings: hyperactivity of reflexes 
(Babinski, knee jerk, biceps) on the right, 
tremors in all 4 extremities, sluggish pupillary 
reaction, nystagmus or lateral and upward 
gaze, and outward strabismus. Speech 
slow, thick and labored. Intracranial pressure 
was not elevated. 

Roentgenograms of the sku ll showed a mass 
with about 12 to 14 teeth in various stages of 
development in the pineal region (Fig. 1 and 2). 
The mass measured approximately 4X4X; 

cm. On December 3, 1951, a craniotomy was 
carried out, Total extirpation of the tumor was 
not attempted. 2 v a single molar tooth ae a 
portion of the wall of the cystic mass were re- 
moved. Histologic examination showed portions 
of bone, hair, stratified squamous MINDS 
and sebaceous glands, 

The postoperative course was uneventful. A 
follow-up study was done several months later, 
The patient reported having mild headaches but 
no further convulsions and the mass had not 
increased in size. 


Wis 
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SUMMARY 


An unusual case of a tumor in the pineal re- 
gion containing 12 to 14 teeth 1s reported. 


Robert J. Gorlin, D.D.S. 

University of Minnesota 
School of Dentistry 

Minneapolis, Minnesota 55455 
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PEDIATRIC RADIOLOGY COMES OF AGE 


NFANCY, childhood, adolescence, and 

maturity are recognized developmental 
stages of man. This arbitrary division can 
also be applied to organizations. The adult 
is appraised of his maturity by his action 
and interaction with his fellow man. When 
accepted by his associates, he is ready to 
take his place in society. In a similar man- 
ner, when organizations or groups have 
made a significant niche among their own 
associates, they also, so-to-speak, become 
mature. Their contributions are considered 
and accepted in their field. It 1s at this stage 
where the subspecialty of Pediatric Radi- 
ology 1s today. 

Pediatric Radiology was in its infancy 
when John Caffey, in 1956 in this JouRNAL, 
reviewed the chronologic events to that 
date; it was indeed a vigorous infant. In 
1958, there was a sufficient number of indi- 
viduals interested in, and solely practicing, 
Pediatric Radiology—a fact which pro- 
pelled the foundation of the Society of 
Pediatric Radiology. This Society added 
further impetus to the exchange of ideas 
and provided for a healthy childhood 
growth. The Journat devoted several 
issues entirely to the problems of diagnostic 
pediatric roentgenology, furnishing undeni- 
able proof that we have made a significant 
impact on our fellow radiological associates. 
Now in 1966, the May issue is again de- 
voted in its entirety to this growing field. 
To be honored periodically by this distin- 
guished JOURNAL is certainly an indication 
that the subspecialty of Pediatric Radi- 
ology has reached full maturity. 

Some of the articles are written by indi- 
viduals whose primary interests are not in 
pediatrics, whereas others are written by 
those who work exclusively in pediatrics. 


We who devote all of our efforts to Pedi- 


atric Radiology welcome those who find 
that they are stimulated by the untapped 
areas for investigation and feel obligated to 
contribute to the literature. 

The steadily growing interest in child- 
hood problems prompts the question of the 
availability of formal training. Some may 
even question whether the development of 
a subspecialty should be encouraged. Are 
we not subspecialized enough? Do not the 
principles and concepts pertaining to adult 
radiology also apply to children? To this 
latter question the answer is an unqualified 
no. It must be recognized that children are 
not just small adults. The pediatrician, 
during his early development, encountered 
the same type of opposition; today the role 
of the pediatrician in medicine is unques- 
tioned. 

Pediatric radiology is an amalgamation 
of pediatrics and radiology. The individual 
who chooses this field must have a genuine 
interest and a thorough knowledge of the 
child, as well as the probing stimulus of 
diagnostic radiology. It is obvious that 
training in this subspecialty must be ob- 
tained in institutions which devote all of 
their time and efforts to pediatrics; also, 
where the Radiology Department serves 
pediatricians exclusively. 

Subspecialization has many precedents 
in adult medicine. This diversification has 
spread into the field of pediatrics. So vast 
has become the knowledge in dealing with 
children that at our own hospital in the 
Pediatric Department there are pediatri- 
cians whose total interests are confined to 
such areas as endocrinology, virology, 
hematology, neurology, cardiology, bio- 
chemistry, etc. The pediatric surgeon has 
also found it necessary to divide his interest 
so that we now have the pediatric neuro- 
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surgeon, the orthopod, and the urologist. 
Explosion of knowledge and challenges in 
these areas entice young men to these ca- 
reers. Radiology is no different. Our own 
specialty, I feel certain, will also undergo 
further subspecialization. There is already 
evidence of this; #.¢., the neuroradiologist, 
the cardiovascular radiologist, etc. 

The concept of radiology concentrated on 
the child as a full time occupation is not 
limited to the American Continent. In 
1963, the European Society of Pediatric 
Radiology was formed. Successful Annual 
Meetings have been held since that time. 

The dilemma in obtaining training for 
the pediatric radiologist is whether to study 
pediatrics first and follow with radiological 
training, or become a radiologist first and 
study pediatrics later. Many of today's 
recognized pediatric radiologists developed 
either as pediatricians, later becoming 
radiologists or vice versa. The radiologist 
who devoted his time in a pediatric hospital 
learned by so-called on-the-job-training. It 
was necessary for him to grasp pediatrics 
while practicing radiology. At the present 
time, I believe this type of experience is 
unwarranted, since methods of obtaining a 
formal training are available. 

A young man, who early in his career has 
decided to become a pediatric radiologist, 
should first obtain his resident training in 
diagnostic radiology with the primary aim 
of obtaining Board certification in diagnosis 
only. Two to three years in the adult diag- 
nostic department would give the early 
trainee a basic foundation in the concepts 
of radiological techniques, etc., as it is 
applied to medicine. Ultimately, at least 2 
years in a Pediatric Radiology Department 
would be almost mandatory. Board certifi- 
cation could then be obtained in diagnostic 
roentgenology as the requirements would be 
fulfilled. It is hoped that in 2 years in a 
Pediatric Radiology Department, a suffi- 
cient knowledge of pediatrics would be 
obtained, this being a necessary adjunct to 
future practice. In line with this, The Chil- 
dren's Bureau of the U.S.P.H.S. is sponsor- 
Ing a 2 year training Fellowship in Pedi- 
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atric Radiology at a major institution in 
this country. 

It is well recognized that any proper 
training in pediatrics prior to embarking 
upon a radiological career is to the advan- 
tage of the individual. Those possessing 
Board certification in pediatrics and radi- 
ology have an ideal arrangement but this is 
not mandatory. Training in this manner is 
usually long. 

The question now arises as to whether 
there should be a Board examination in 
Pediatric Radiology. At this time, I think it 
would be unnecessary. An individual who 
has obtained his certificate in radiology 
should be qualified if he has served a suffi- 
cient amount of time in a well recognized 
institution under a pediatric radiologist. 
His motivation and exposure in this type of 
environment should be adequate. Another 
examination would not be necessary. Pres- 
ently we have a fine corps of radiologists, 
none of whom has any Board certification 
in this subspecialty. A few have obtained 
recognition starting out as pediatricians 
with subsequent radiology training and do 
not have Board certification in radiology. 
Examination does not necessarily make one 
qualified. Most of the young men today in 
this field are well trained both in radiology 
and pediatrics. 

What then is the future for the young 
man embarking on this career? Undoubt- 
edly, it is bright. There is an explosive 
amount of knowledge in all phases of pedi- 
atrics and with it diagnostic radiology will 
increase in importance. It represents an 
exciting challenge to the young man. Many 
areas are as yet unexplored. One of the 
most challenging is that of the premature 
and newborn. Our subspecialty of Pediatric 
Radiology is established. It has reached full 
maturity. It is for us to stimulate it, nour- 
ish it, and keep it dynamically progressive. 


HARVEY WHITE, M.D. 
President, 
Society for Pediatric Radiology 
70; Fullerton Avenue 
Chicago, Illinois 60614 
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INTERNATIONAL COMMISSION ON RADIOLOGICAL 
UNITS AND MEASUREMENTS (ICRU) 


REPORT TO THE INTERNATIONAL EXECUTIVE COMMITTEE OF THE 
ELEVENTH INTERNATIONAL CONGRESS OF RADIOLOGY, ROME, 1965 


PREVIOUS ACTIVITIES 


EE turning to the actual program 
which the ICRU has been engaged in 
since the Tenth International Congress of 
Radiology, it would seem appropriate to 
mention some of the results of the work 
accomplished prior to the Tenth Congress. 
Ás was reported to the International Exec- 
utive Committee in 1962, ICRU efforts 
between 1959 and 1962 resulted in the 
publication of 6 major reports: 


ICRU Report roa on Radiation Quantities and 
Units (NBS Hdb. 84) 

ICRU Report rob on Physical Aspects of Ir- 
radiation (NBS Hdb. 85) 

ICRU Report toc on Radioactivity (NBS Hdb. 
86) 

ICRU Report rod on Clinical Dosimetry (NBS 
Hdb. 87) 

ICRU Report toe on Radiobiological Dosim- 
etry (NBS Hdb. 88) 

ICRU Report 1of on Methods of Evaluating 
Radiological Equipment and Materials (NBS 
Hdb. 89). 


DEVELOPMENT OF NEW SUBSTRUCTURE 
AND MODE OF OPERATION 


Since this last report in August, 1962, the 
ICRU has devoted itself principally to the 
elaboration of the new substructure and 
mode of operation adopted by the Commis- 
sion in 1962, and to the utilization of this 
new substructure for the initiation of new 
projects. The Commission defined 3 broad 
areas of concern to the [CRU—Activity, 
Radiation, and Problems of Joint Interest 
to the ICRU and the International 
Commission on Radiological Protection 
(ICRP). The ICRU divided these 3 major 
areas into eight sub-areas with which the 
Commission expects to be primarily con- 
cerned during the next few years. The 
division of work agreed upon is as follows: 


I. Activity 
A. Fundamental Physical Parameters 
and Measurement Techniques 
B. Medical and Biological Applications 
II. Radiation 
A. Fundamental Physical Parameters 
B. X Rays, Gamma Rays and Electrons 
C. Neutrons and Heavy Particles 
D. Medical and Biological Applications 
(Therapy) 
E. Medical and Biological Applications 
(Diagnosis) 
Problems of Joint Interest to the ICRU 
and the ICRP 
A. Radiation Protection Instrumenta- 
tion and Its Application 


HI. 


The Commission has established 8 Plan- 
ning Boards to guide ICRU activities in 
each of the sub-areas and named Commis- 
sion Sponsors to provide liaison between 
the Commission and the Planning Boards. 
The constitution of the Planning Boards is 
now essentially complete and their mem- 
bers and Commission Sponsors are listed in 
Annex I of this report. 

The Planning Boards began studies of 
the needs in each of the sub-areas; and 
proposed, and received Commission ap- 
proval, for programs to be undertaken by 
Task Groups working under the guidance 
of the Planning Boards. This process has 
thus far resulted in the establishment of the 
following Task Groups: 


Under the Planning Board on Activity— 
Fundamental Physical Parameters and Mea- 
surement Techntques: i 
Task Group 1. Measurement of Low-Level 
Radioactivity 

Task Group 2. Specification of Accuracy in 
Certificates of Activity of Sources for 
Calibration Purposes 

Task Group 3. Specification of High Ac- 
tivity Gamma Ray Sources 
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Under the Planning Board on Activity— 
Medical and Biological Applications: 

Task Group 1. In Vivo Measurements of 
Radioactivity 

Task Group 2. Scanning 

Task Group 3. Tracer Kinetics 

Task Group 4. Methods of Assessment of 
Dose in Tracer Investigations 

Under the Planning Board on Radtation— 
X Rays, Gamma Rays and Electrons: 

Task Group 1. Radiation Dosimetry; X 
Rays from 5 to 150 kV 

Task Group 2. Radiation Dosimetry; X 
and Gamma Rays from 0.6 to 100 MV 

Task Group 3. Electron Beam Dosimetry 

Under the Planning Board on Radiation— 
Heavy Particles: 

Task Group 1. Dose as a Function of LET 

Task Group 2. High Energy and Space 
Radiation Dosimetry 

Under the Planning Board on Radiation— 
Neutron, Fluence and Kerma: 

Task Group 1. Neutron Fluence, Energy 
Fluence, Neutron Spectra and Kerma 

Under the Planning Board on Radtation— 
Medical and Biological Applications (Ther- 
apy): 

Task Group 1. Measurement of Absorbed 
Dose at a Point in a Standard Phantom 
(Absorbed Dose Determination) 

Task Group 2. Methods of Arriving at the 
Absorbed Dose at any Point in a Patient 
(In Vivo Dosimetry) 

Task Group 3. Methods of Compensating 
for Body Shape and Inhomogeneity and 
of Beam Modification for Special Pur- 
poses (Beam Modification) 

Task Group 4. Statement of the Dose 
Achieved (Dosage Specification) 

Under the Planning Board on Radiation— 
Medical and Biological Applications (Diag- 
nosis): 

Task Group 1. Photographic Materials and 
Screens 

Task Group 2. Cine Systems 

Task Group 3. TV Systems 

Under the Planning Board on Radiation 
Protection Instrumentation and Its Applica- 
tion: 

Task Group 1. Radiation Protection 
Instrumentation Handbook—Part I 

Task Group 2. Neutron Instrumentation 
and Its Application to Radiation Protec- 
tion 
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The titles of these Task Groups give an 
indication of the breadth of the program 
now being undertaken by the ICRU. 

The selection of personnel for the Task 
Groups is now largely completed and, in- 
deed, many of them have already begun 
their work. 


ACTIVITIES OF THE PLANNING BOARDS 
AND TASK GROUPS 

The belief that the new substructure and 
mode of operation will facilitate the work of 
the Commission 1s supported by the experi- 
ence of the last 24 years. The Planning 
Boards have actively undertaken the pre- 
cise definition of the work that needs to be 
done, and have stipulated the scope of 
activity for each of the Task Groups thus 
far established. Many of these Task Groups 
have held initial meetings and in some cases 
preliminary drafts of proposed ICRU re- 
ports have already been prepared. 

The Commission and the Chairmen of 
the Planning Boards met in Rome from 
October 28, 1963 through November 1, 
1963. This meeting was primarily con- 
cerned with Commission review of the 
efforts which the Planning Boards were 
initiating or proposing to undertake. Many 
Planning Board meetings have been held 
since 1962, both before and after the 1963 
meeting of the Commission. 


ICRU RELATIONSHIPS WITH OTHER 
ORGANIZATIONS 


One of the features of ICRU activity 
during the last 3 years has been the devel- 
opment of relationships with other organ- 
izations interested in problems of radiation 
quantities, units and measurements. In ad- 
dition to its close relationship with the 
ICRP, and its financial relationships with 
the International Society of Radiology, the 
World Health Organization and the Inter- 
national Atomic Energy Agency, the ICRU 
has also developed relationships of varying 
intensity with several other organizations. 
The Commission has a formal relationship 
with the United Nations Scientific Com- 
mittee on the Effects of Atomic Radiation, 
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whereby ICRU observers are invited to at- 
tend UNSCEAR meetings. The Commis- 
sion informally exchanges with the Interna- 
tional Standards Organization notifications 
of meetings and is formally designated for 
liaison with two of the ISO Technical 
Committees. 

The ICRU also corresponds and ex- 
changes final reports with the following 
organizations: International Labor Organi- 
zation; Food and Agriculture Organization 
of the United Nations; Council for Inter- 
national Organization of Medical Sciences; 
International Council of Scientific Unions; 
Bureau International des Poids et Mesures; 
United Nations Educational, Scientific and 
Cultural Organization; International Elec- 
trotechnical Commission; and the Inter- 
national Union of Pure and Applied 
Physics. 

In connection with its relationship with 
the ICRP, each of the Commissions in 
1962, determined to foster closer coordina- 
tion of the programs of the Commissions 
and in implementation of this determina- 


tion directed the officers to develop means. 


for such coordination based on frequent 
meetings between the officers and extensive 
exchange of documents. This directive 
resulted in meetings of the officers of the 
. ICRP and ICRU in Paris in May 1963 and 
in London in September 1964. These meet- 
ings permitted an exchange of information 
which not only contributed to the coordi- 
nation of future meetings and activities of 
the two Commissions, but also enabled the 
secretariats to develop means for coopera- 
tion in the use of unique resources available 
to each. 


COMMISSION FINANCES i 


As indicated above, the ICRU has 
financial relationships with the Interna- 
tional Society of Radiology (ISR), the 
World Health Organization (WHO), and 
the International Atomic Energy Agency 
(IAEA). In October 1962, the ISR con- 
tributed $5,000 to cover the period until the 
Eleventh International Congress of Radi- 
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ology. The agreement between the ICRU 


and the WHO whereby the WHO makes 
avalable $4,000 per year has been con- 
tinued and it is expected that it will remain 
in force for some time to come. Similarly, 
the Commission and the IAEA have main- 
tained in force a series of agreements 
whereby the Agency makes available to the 
ICRU $6,000 per year. It is expected that 
this arrangement will also be continued. 
Finally, the importance of the Ford Foun- 
dation grant received by the ICRU in 1960 
must be emphasized. The funds from this 
grant, $37,000 per year, have proved of 
substantial significance in permitting the 
Commission to move forward quickly in its 
efforts to meet the expanded needs for its 
work. 

The Commission wishes to express its 
deep appreciation to all of the organizations 
mentioned above and to others that have 
contributed so importantly to its work. 


MEMBERSHIP 


The Commission has elected the follow- 
ing individuals to Commission membership 
for the period between the Eleventh and 
Twelfth International Congress of Radi- 
ology: 

Elected Senior Advisors: F. Ellis, member 
since 1950; H. Fránz, member since 1959; 
V. A. Petrov, member since 1962. 

New Members 1965-1969: F. P. Cowan 
(U.S.A.); J. F. Fowler (United King- 
dom); and R. H. Morgan (U.S.A). > 

Continuing Members 1965-1969: A. Allisy ` 
(France); J. W. Boag (United Kingdom); 
R. H. Chamberlain (U.S.A.); F. Gau- 
werky (Germany); H. E. Johns (Can- 
ada); K. Lidén (Sweden); H. H. Rossi 
(U.S.A); L. S. Taylor (U.S.A); M. 
Tubiana (France); and H. O. Wyckoff 
(U.S.A.). 

Commission Officers 1965-1969: L.: S. 
Taylor, Chairman; M. Tubiana, Vice- 
Chairman; H. O. Wyckoff, Secretary; 
W. R. Ney, Technical Secretary (not a 
member of the Commission). 
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ICRU RULES 


The Commission wishes to propose a 
change in its rules to make a provision for 
the establishment of an ICRU medal hon- 
oring its late Vice-Chairman, Dr. L. H. 
Gray. 

Lauriston S. TAYLOR 


ANNEX I 


COMMISSION SPONSORS AND 
MEMBERS OF THE 
PLANNING BOARDS 


Planning Board on Activity—Fundamen- 
tal Physical Parameters and Measurement 
Techniques: K. Lidén, Sponsor; F. W. 
Spiers, Chairman; H. Houtermans; W. B. 
Mann; J. K. Miettinen. 

Planning Board on Activity—Medical and 
Biological Applications: M. Tubiana, Spon- 
sor; H. Vetter, Chairman; C. Kellershohn; 
. K. E. Scheer; N. Trott. 

Planning Board on Radiation—Funda- 
mental Physical Parameters: J. W. Boag, 
Sponsor. (No further elaboration of this 
Planning Board's structure is planned at 
present, but the Board will function on an 
ad hoc basis as necessary.) 
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Planning Board on Radiation —X Rays, 
Gamma Rays and Electrons: A. Allisy, Spon- 
sor; W. Pohlit, Chairman; D. V. Cormack; 
C. Garrett; A. Somerwil. 

Planning Board on Radtation—Heavy 
Particles: H. H. Rossi, Sponsor; W. K. 
Sinclair, Chairman; F. H. Attix; T. Brus- 
tad; B. Larsson. 

Planning Board on Radiation —Neutron, 
Fluence and Kerma: J. F. Fowler, Sponsor; 
A. H. W. Aten, Jr., Chairman; R. S. Cas- 
well; K. W. Geiger; F. Netter. 

Planning Board on Radiation —Medical 
and Biological Applications (Therapy): 
H. E. Johns, Sponsor; F. Gauwerky, Co- 
sponsor; W. J. Meredith, Chairman; F. 
Ellis, Senior Advisor; J. Dutreix. 

Planning Board on Radiation—Medical 
and Biological Applications (Diagnosis): 
R. H. Chamberlain, Sponsor; R. H. Mor- 
gan, Co-sponsor; O. Olsson, Chairman; 
E. D. Trout, Vice-Chairman; E. Zieler; 
R. D. Moseley; J. J. Stevenson; T. A. 
Tristan. 

Planning Board on Radiation Protection 
Instrumentation and Its Application: H. O. 
Wyckoff, Sponsor; F. P. Cowan, Co-spon- 
sor; L. Larsson, Chairman; C. Garrett; 
E. E. Smith. 
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NEWS ITEMS 


X RAY EXHIBIT AT HARVARD 
UNIVERSITY 

One of the most comprehensive exhibits 
yet assembled on the early history and later 
development of the X ray in the United 
States comprises the initial display in the 
Francis A. Countway Library of Medicine 
in the Harvard Medical Area, Boston, 
Massachusetts. 

The materials included in the exhibit 
were brought together by Dr. Lloyd E. 
Hawes of Dedham, Massachusetts, Assis- 
tant in Radiology at the Harvard Medical 
School and Honorary Curator of the His- 
torical Collection in Radiology at the 
Countway Library. 

The exhibit is arranged chronologically 
in eight cases. The discoverer of the X ray, 
Dr. Wilhelm K. Róntgen of Germany, is 
well represented by his famous 1895 X ray 
of his wife's hand; by an outline of courses 
given by him at Würzburg in 1896; by a 
series of letters; and by 3 early articles on 
the X ray. 

Selections from books, in a special collec- 
tion of X ray and related science material, 
are arranged in chronologic order. 

Among the important manuscripts on 
display are letters by Madame and Pierre 
Curie, Dalton, Tyndall, Crookes, Helm- 
holtz, Ampére, Volta, Gauss, and other 
leading figures relating to the science, as 
well as selections from the works of Dr. 
George W. Holmes along with his portrait. 

The variety of X ray equipment includes 
a collection of tubes used by the first clini- 
cal roentgenologist in the United States, 
Dr. Francis Williams of Boston. The me- 
ticulous notebook of Dr. Walter B. Cannon 
and his electrostatic generator, as restored 
by William Faxon, president of Comstock 
and Wescott Company, Cambridge, are 
also displayed. 

Standing free in the center of the exhibit 
is a Van de Graaff 2 million volt generator 
which was used in X ray treatment at the 


Philadelphia Oncologic Hospital from 1942 
to 1965. It is flanked by two models; the 
first million volt Van de Graaff generator 
used at Harvard's Huntington Memorial 
Cancer Hospital, and the first Van de 
Graaff generator used at the Massachusetts 
General Hospital. Of particular interest are 
2 glass door knobs, one of which was on the 
inside of the X ray treatment room and was 
turned a deep purple by radiation, and the 
other which was located on the outside of 
the lead shielded door and remained per- 
fectly clear. 


BIANNUAL GLACIER PARK 
RADIOLOGIC-ORTHOPEDIC 
SEMINAR 


The Biannual Glacier Park Radiologic- 
Orthopedic Seminar will be held July 20, 21 
and 22, 1966, at Glacier Park Lodge, East 
Glacier, Montana. 

The following topics will be discussed: 
July 20, benign and malignant bone tu- 
mors; July 21, congenital abnormalities of 
extremities; and July 22, difficult bone 
trauma problems. 

Guest Speakers will include: David 
Pugh, M.D., Mayo Clinic; William R. 
Christensen, M.D., University of Utah; 
Sherman Coleman, M.D., University of 
Utah; and William Bailey, M.D., Univer- 
sity of Michigan. 

For reservations, please write to E. J. 
Drouillard, M.D., Box 1132, Missoula, 
Montana 59801. 


VII CONGRESO DE ELECTRORADI- 
ÓLOGOS DE CULTURA LATINA—I 
CONGRESO DE LA ASOCIA- 
CIÓN EUROPEA DE 
RADIOLOGÍA 


The Federation of Electroradiologic Phy- 
sicians of Latin Culture will hold its Sev- 
enth Congress in Barcelona, April 2-8, 
1967. At the same time, the European 
Association of Radiology will inaugurate its 
First Congress. 
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Dr. Don Francisco Gálvez Aremengaud 
was elected President of the united Con- 
gress. 

The office of the Secretary General is at 
the Faculty of Medicine of the City of 
Barcelona. 

Án excellent program 1s being prepared. 
F For further information please write to 
Dr. F. Manchón, Secretario General, Facul- 
tad de Medicina, Barcelona, Spain. 


SHORT-TERM CLINICAL TRAINEESHIP 
PROGRAM IN THE DIAGNOSIS AND 
TREATMENT OF CANCER 

The American Cancer Society announces 
à program of short-term (3 to 6 months) 
clinical traineeships in the diagnosis and 
treatment of cancer for residents and Board 
certified or qualified clinicians. 

The purpose is to provide training or 
experience 1n special techniques in cancer 
diagnosis or treatment which are not avail- 
able at the physician's own institution or 
which he did not receive in earlier training. 
Traineeships are available only in depart- 
ments holding regular Clinical or Advanced 
Clinical Fellowships of the American Can- 
cer Society for the period for which training 
is requested. (Exceptions may be made in 
certain instances.) 

The candidate for this program must bea 
citizen of the United States, a graduate of a 
medical school in the United States, Puerto 
Rico or Canada and under the age of 41. 
The stipend is $300 per month and may be 
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supplemented by the institution or other 
sources except not directly from private 
practice. 

Applications must be submitted by 
Chiefs of Services and Chairmen of Depart- 
ments, not by the individual applicant. 

For further information please write to 
the Director of Professional Education, 
American Cancer Society, Inc., 219 East 
42nd Street, New York, New York 10017. 


AMERICAN SOCIETY FOR DIAGNOSTIC 
ULTRASOUND 


This Society was founded during the 
International Conference on Diagnostic 
Ultrasound in Pittsburgh, Pennsylvania. 
The purpose of the Society is to foster the 
science of experimental and clinical diag- 
nostic ultrasonics; to disseminate informa- 
tion of advancements in this science as well 
as in ultrasonic instrumentation; and to 
promote high standards of clinical diagnos- 
tic ultrasonic procedures. | 

Officers of the Society are: President, 
Joseph H. Holmes, M.D., University of 
Colorado; Vice-President, Claude Joyner, 
M.D., University of Pennsylvania; Trea- 
surer, Edward W. Purnell, M.D., Western 
Reserve University; and Secretary, Charles 
C. Grossman, M.D., University of Pitts- 
burgh. 

Further information may be obtained 
from the Secretary, Dr. Charles C. Gross- 
man, 552 N. Neville Street, Pittsburgh, 
Pennsylvania 15213. 
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BOOK REVIEW 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for the 
courtesy of the sender. Selections will be made for review tn the interest of our readers as space permits. 


FOUNDATIONS OF ANESTHESIOLOGY. In two 
volumes. By Albert Faulconer, Jr., M.D., 
M.S. in Anesthesiology, Head, Section of 
Anesthesiology, Mayo Clinic; Professor of 
Anesthesiology, Mayo Graduate School of 
Medicine, University of Minnesota, Roches- 
ter, Minn.; and Thomas E. Keys, A.B., M.A., 
Librarian, Mayo Clinic; Associate Professor 
of History of Medicine, Mayo Graduate 
School of Medicine, University of Minnesota, 
Rochester, Minn. Cloth. Pp., Vol. I, 716, 
Vol. If, 621, both with some illustrations. 
Price, $38.50. Charles C Thomas, Publisher, 
301-327 East Lawrence Avenue, Springfield, 
IIL, 1965. 


This book in two Volumes presents an orga- 
nized collection of classic scientific articles 
which are the Foundations of Anesthesiology.” 

The work will be found useful as a reference 
source to all and is a fine background for those 
young in Anesthesiology and allied diciplines. 
The printing is excellent. The life sketches of the 
many authors offer an intriguing interlude 
between the papers, marred a bit, perhaps, by 
frequent repetition of the lives of the “giants.” 

The ingenuity and perseverance of early 
scientists in fabricating their own equipment 
and producing their own chemicals should give 
modern researchers pause, and the high order of 
the guardian angels present when these men 
deliberately administered general anesthetics to 
each other in the face of known full stomaches, 
leaves one completely awed. Big, but very 


worthwhile. 
A. B. Stearns, M.D. 


BOOKS RECEIVED 


Current PERSPECTIVES IN CANCER THERAPY. 
Edited by William S. Blakemore, M.D., Professor 
of Surgery, University of Pennsylvania School of 
Medicine; Chairman, Department of Surgery, 
University of Pennsylvania, Division of Graduate 
Medicine, School of Medicine, Philadelphia; and 
I. S. Ravdin, M.D., Professor of Surgery, Univer- 
sity of Pennsylvania School of Medicine, and Vice 
President for Medical Affairs, University of Penn- 
sylvania, Philadelphia. Cloth. Pp. 234, with £o 
illustrations. Price, $8.50. Hoeber Medical Divi- 
sion, Harper & Row, Publishers, Inc., 49 East 33rd 
Street, New York, N. Y., 1966. 

MEDICAL SPELLING GUIDE: A REFERENCE Arp. Com- 


piled by Carrie E. Johnson, R.N., R.R.L., B.S., 
Medical Record Librarian, St. Petersburg, Fla.; 
with a foreword by Doris E. Gleason, R.R.L., 
Director, Medical Record Research Bureau, Chi- 
cago, Ill. Cloth. Pp. 538. Price, $10.50. Charles C 
Thomas, Publisher, 301-327 East Lawrence Ave- 
nue, Springfield, Ill., 1956. 

AsPECTS OF VENOUS FUNCTION IN THE Lower Limes. 
By John Ludbrook, B.Med.Sc, Ch.M. (N.Z.), 
F.R.C.S., F.R.A.C.S., Professor of Surgery, Uni- 
versity of New South Wales; Honorary Surgeon, 
Prince Henry and Prmce of Wales Hospitals, 
Sydney, Australia; Former Senior Lecturer in 
Surgery, University of Otago, Dunedin, New Zea- 
land; Leverhulme Research Fellow, St. Mary's 
Hospital, Paddington, London, England. Cloth. 
Pp. 137, with some illustrations. Price, $6.75. 
Charles C Thomas, Publisher, 301-327 East 
Lawrence Avenue, Sprirgfield, Ill., 1966. 

SURGICAL APPLICATIONS OF Laser. By Paul Edward 
McGuff, B.S., M.D., M.S. (Surg.), Ph.D. (Surg.), 
Director and Chief Surgeon, Laser Medical Re- 
search Foundation, Institute of Biological and 
Medical Sciences and Laser Tumor Institute, 
Boston, Mass.; Formerly, Assistant in Surgery, 
Tufts University School of Medicine Surgical Staff, 
New England Center Hospital, Boston Dispen- 
sary. Cloth. Pp. 200, with many illustrations. 
Price, $10.50. Charles C Thomas, Publisher, 
301-327 East Lawrence Avenue, Springfield, Ill., 
1966. 

THE Year Book or RaproLocv: (1965-1966 Year 
Book Series). Radiologic Diagnosis edited by John 
Floyd Holt M.D., Professor, Department of 
Radiology, University of Michigan; and Walter M. 
Whitehouse, M.D., Professor and Chairman, 
Department of Radiology, University of Michigan. 
Radiation Therapy edized by Howard B. La- 
tourette, M.D., Professor, Department of Radi- 
ology, University of Iowa. Cloth. Pp. 478, with 328 
illustrations. Price, $12.00. Year Book Medical 
Publishers, Inc., 35 E. Wacker Drive, Chicago, 
Ill., 1966. 

INTERNATIONAL SYMPOSIUM ON GENES AND CHRO- 
MOSOMES: STRUCTURE AND Funcrion. Held at 
Buenos Aires, Argentina, Nov. 30-Dec. 4, 1964. 
National Cancer Institute Monograph 18, Decem- 
ber, 1965. Edited by Professor Juan Il Valencia 
and Dr. Rhoda F. Grell. Cloth. Pp. 354, with many 
illustrations. Price, $3.50. U. S. Department of 
Health, Education, and Welfare, Public Health 
Service, National Cancer Institute, Bethesda, Md. 
For sale by the Superintendent of Documents, 
U. S. Government Prinzing Office, Washington, 
D. C., 1965. 
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SOCIETY PROCEEDINGS 








MEETINGS OF RADIOLOGICAL SOCTETIES* 


UNTTED STATES or AMERICA 


American RoENTGEN Ray SOCIETY 
Secretary, Dr. C. Allen Good, Mayo Clinic, Rochester, 
Minn. Annual meeting: San Francisco Hilton Hotel, San 
Francisco, Calif., Sept. 27-30, 1966. 

ÁMERICAN IUM SOCIETY 
Secretary, Dr. jen L. Pool, 444 East 68th Street, 
New York, N. Y. 10021. Annual meeting: Camelback 
Inn, Phoenix, Arr., April 13-16, 1966 (Golden An- 
niversary). 

RADIOLOGICAL SOCIETY or NORTH AMERICA 
Secretary-Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St, Lincoln, Neb. Annual meeting: 

almer House, Chicago, HL, Nov. 27-Dec. 2, 1966. 

American COLLEGE or RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Ill. Annual meeting: Beverly Hilton 
Hotel, Los Angeles, Calif., Jan. 21-Feb. 4, 1967. 

SECTION ON RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Clyde A. Stevenson, Sacred Heart Hospi- 
tal, West ror Eighth Ave., Spokane 4, Wash, Annual 
meeting: Chicago, Ill., June 26-30, s 

American BoAnD or IOLOGY 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, Rochester, Minn. 

The Spring 1966 examination will be held at the Ter- 
race Hilton Hotel, Cincinnati, Ohio, Tune 6-10, inclusive, 
The deadline for v applications for this examination 
was December 31, 1965. 

The Fall 1966 examination will be held at the Wash. 


ington Hilton Hotel, Washington, D.C., December 5-9, 
Dr ida The deadline for filing applications is June 30, 
1966. 


AMERICAN Association oF Puvsicisrs iN MEDICINE 
maak A Leonard Stanton, Hahnemann Medical College, 
250 N. Broad St., Philadelphia, Pa. 19102. Annual meet- 
ing to be announced, 

AMERICAN CLUB or THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 

TWELFTH [NTERNATIONAL CONGRESS or RADIOLOGY 
President, Dr. Kempo Tsukamoto, Chiba, Japan. Meet- 
ing: Tokyo, Japan, Sept. 1969. 

Nints INTER-AMERICAN CoNGREss or RADIOLOGY 
Counselor for the United States, Dr. Philip J. Hodes, 
Jefferson Medical a Hospital, 11th and Walnut 
Streets, Philadelphia 7, Pennsylvania. 

President, Dr. Leandro Zubiaurre, Montevideo, Uruguay. 
Meeting: Montevideo, Uruguay, 1967. 

INTER-AMERICAN CoLLeEGE or RApioLoGY 
President, Dr. Oscar Soto, H. Urteaga 480, Lima, Perá. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama State Medical Association, 

AMERICAN NUCLEAR SOCIETY 
Treasurer, Raymond Maxson, 86 E. Randolph St., 
Chicago, Ill. Annual meeting to be announced. 

AMERIQAN SOCIETY FoR DIAGNOSTIC ULTRASOUND 
Secretary, Dr. Charles C. Grossman, 552. N. Neville St., 
Pittsburgh, Pa. 15213. 

Arizona RADIOLOGICAL SOCIRTY 
Secretary-Treasurer, Dr. George Gentner, 3435 W. 
D ; Phoenix, Ariz. Two regular mee a year, 
Annual meeting at time and place of State Medical Asso- 
ciation and interim meeting six months later. 

sas CHAPTER OF AMERICAN COLLEGE oF RADIOLOGY 


Secretary-Treasurer, Dr. James R. Morrison, 550 S 
University, Little Rock, Ark. 72205, 

ARKANSAS IOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 

Association or Untversrry RADIOLOGISTS 
Secretary-Treasurer, Dr. Morton M. Kligerman, Dept. 
of Radiology, Yale University Medical School, New 
Haven, Conn. Annual meeting: University of Arkansas, 
Little Rock, Ark., May 13-14, 1966. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly sagt during three sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 P.» 

ik ei i neil p riu rane pace 
Secretary, Dr. Roy eba ajor io 
Service, «ta General Hospital, APO 144, New York, N. Y. 
Meets quarterly. 

Brockrzv RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. R. John Gould, 441 Lombardy 
Rd., Drexel Hill, Pa. 19026. 

BLurorass RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Arthur Lieber, University of 
Kentucky, University Hospital, Lexington, Kentucky. 
Meets quarterly. 

Brooxiyn RADIOLOGICAL SOCIETY 
Secretary, Dr. Edward Feely, St. Johns Episcopal Hos- 

ital, 480 Herkimer St., Brooklyn, N. Y. Meets first 
hursday of each month, October through June. 

BurraLo RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Munschauer, 130 Hodge Ave., 
Buffalo, N.Y. 14222. Meets second Monday evening each 
month, October to May inclusive. 

CALIFORNIA La ee ortu : 
Secretary, Dr. L. Henry and, Suite 1739, 450 Sutter 
St., San Francisco, Calif. Meets annually during meeting 
of Californ:a Medical Association. 

CATAWBA VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Emmett R. White, P. O. Box 303, Ruther- 
ford College, N. C. Meets every Tuesday, Dept. of 
Radiology, Valdese General Hosp., Valdese, N. C. at 
12:00 P.M, 

CENTRAL New York RapioLocicAL Society 
Secrelary- Treasurer, Dr. Robert A. Bornhurst, State 
Univ. Hospital, 750 E. Adams St., Syracuse, N. Y. 13210. 
Meets first Monday each month, October through ay. 

CENTRAL Onto RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Atis K. Freimanis, Ohio State 
Univ. Hospitals, 410 W. roth Ave., Columbus, Ohio 
43210. Meets second Thursday in October, November, 
January, and March 15 and May 19 at Fort Hayes Hotel, 
Columba: Ohio. 

CENTRAL Society oy NucLgar MEDICINE 
Secretary, Dr. Robert S. Landauer, Radiation Center 
Bldg., 1903 West Harrison St., Chicago 12, IIL 

CuicAgo RoEnTGEN SOCIETY 
Secretary-Treasurer, Dr. Robert D. Moseley, Jr., Dept. 
of Radiology, Univ. of Chicago, 950 E. goth St., Chicago 
37, lll. Meets second Thursday of each month, October 
to April except December at the Pick-Congress Hotel at 
8:00 P.M, 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James Christie, 10515 Carnegie 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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Avenue, Cleveland, Ohio, Meetings at 7:00 P.M. on fourth 
Monday of October, November, January, February, 
March and April, 

CoLonapo RADIOLOGICAL SOCIETY 
Secretary, Dr. George F. Wertz, 1801 High St., Denver, 
Colo. Meets third Friday of each month at Denver Ath- 
letic Club from September through May. 

Connecticut VALLEY RapIo.oaic SocCIETY 
Secretary, Dr. Willtam W. Walthall, Jr., 130 Maple St., 
Springfield, Mass. Meets in April and October. 

Datias-Forr Worts RADIOLOGICAL SOCIETY 
Secretary-Treasurer, John S. Alexander, 1217 W. Cannon, 
Ft. Worth, Tex. Meets monthly, third Monday, at South- 
west International Airport at 6:30 P.M. 

Derrorr Rogntoen Ray AND Rapivum Society 
Secretary, Dr. Robert L. Willis, Harper Hospital, Detroit 
1, Mich, Meets monthly, first Thursday, October through 
May, at David Whitney House, 1010 Ántietam, at 6:30 
P 


M. 

East Bav RADIOLOGICAL SOCIETY 
Secretary, Dr. Tom H. Piatt, 12 Camino Encinas, Orinda, 
Calif. 94563. Meets first Thursday each month, Oct. 
eaeh ay, at University Club, Oakland, Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. C. H, Kimball, 2200 Harris Circle, Cleve- 
land, Tenn. Meets in January and September. 

EASTERN RADIOLOGICAL SOCIETY 
Secretary, Dr. James F. Martin, North Carolina Baptist 
Hospital, Winston-Salem, N. C. 

FLormma RADIOLOGICAL SOCIETY - 

Secretary, Dr. denn C. Jowett, Orlando, Fla. Meets twice 
annually, in the spring with the annual State Society 
Meeting and in the fall. 

Fiona West Coast RADIOLOGICAL SOCIETY 
ea eae Dr. Garth R. Drewry, Tampa 
Gen Hospital, Tampa 6, Fla. Meets in January, 
April, July and October. 

Gerora RaptoLoGicAL Society 
Secretary, Dr. I. R. Berger, toro Prince Ave., Athens, Ga. 
Meets in spring and fall with Annual State Society 
Meeting. 

Grecia: Mua RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Arthur R. Miller, North Miami 
Generi Howie! 1701 N.E. 127th St., North Miami, 
Fla. Meets monthly, third Wednesday at 8:00 Pu. at 
Jackson Memorial Hospital, Miami, Fla. 

GREATER ST. Louis Socrery or RADIOLOGISTS 
Secretary Treasurer, Dr. Mark D. Eagleton, 950 Francis 
Place, St. Louis, Mo. 

HovusroN RaprioLoaicAL Sociery 
Secretary, Dr. William A. Vint, 1004 Seymour, Pasadena, 
Tex. Meets fourth Monday of each month, except June, 
July, August and December, at the Doctors’ Club, 
8:00 P.M., Houston, Tex. 

Ipamo STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

ILLINOIS Dn Sr Pav cn T" 
Secretary, Dr. George A. Miller, e Hospital Clinic, 
Urbana, Ili, Meets in the spring and fall. 

Inpiana Rogntoen Society, Inc. 

Secretary , Dr. Richard A. Silver, 1815 N. Capitol Avenue, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

Iowa RADIOLOGICAL SOCIETY 
Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, Iowa. Luncheon and business meeting during 
annual session of Iowa State Medical Society. The scien- 
tific section is held in the autumn. 

Kansas RapIOLocIcAL SocreTY 
Secretary.Treasurer, Dr, Robert C. Lawson, 310 Medical 
Arts Bidg., roth and Horne, Topeka, Kan. Meets in 
spring with State Medical Society and in winter on call. 

KENTUCKY CHAPTER, AMERICAN COLLEGE oy RADIOLOGY 
Secretary-Treasurer, Dr. Robert H. Greenlaw, Dept. of 
Radiology, Univ. of Kentucky Med. Ctr., Lexington, Ky. 
Meets semiannually. 

Kentucky RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joan R. Hale, 402 Heyburn 
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Building, Louisville, Ky. Meets monthly on second 
Friday at Sheraton Hotel, Lovisville, Ky. 

Kixes Country RADIOLOGICAL SOCIETY 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 30 N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 ».«. 

KxNoxviLLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenr. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Lone AE setuid N "m" : 
Secretary, Dr. David Faegenburg, Nassau Academy o 
Medicine, 1200 Stewart Ave., Garden e Ll NOI. 
II 533- eets second Tuesday of the month in February 
April, June, October and December. 

Hs jede EA iege W T 

ecretary, Dr. Joseph A. Parks, 15107 Vanowen St., Van 
Nuys, Calif. n second Wednesday of month in 
September, November, January, April and June at Los 
Angeles County Medical Association Building, Los 
Angeles, Calif. 

Lourstana-TEexas GuLr Coast RADIOLOGICAL SOCIETY 
Seeretary-Treasurer, Dr. Edward A. Sheldon, 109 Doctors 
Bldg., Beaumont, Texas 77701. 

Maing RapioLooiCAL SociETY 
Secretary, Dr. T. T. Chen, 7 Cherry Hill Terra 
Ka Me. Meets in June, September, Decem 
Apri 

MARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Md 

Mzuaruis RoENTGEN Society 
Secretary- Treasurer, Dr. Vernon I. Smith, Jr., Suite 203, 
1085 Madison Ave., Memphis, Tenn. 38104. Meets first 
Monday of each month at John Gaston Hospital. 

Miami VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Darwood B. Hance, Reid Memorial Hos- 
pital, Richmond, Indiana. Meets third Tuesday of fall 
and winter months at 7:30 p.m. at Miami Valley Hospi- 
tal, Dayton, Ohio. 

Mip-Hupsow RADIOLOGICAL Society 
Secretary-Treasurer, Dr. Alexander W. Friedman, Mid. 
Hudson Medical Group, Fishkill, N, Y. Meets 7:00 P.M., 
first Wednesday of each month, September to May. 

MILWAUKEE Rorenroen Ray SocigtTy 
Secretary-Treasurer, Dr. Donald P. Babbitt, 1700 W. 


Water- 
and 


Wisconsin Ave., Milwaukee, Wis. $3233. Meets monthly 
on DUO Monday, October through May, at University 
ub. 


MINNESOTA RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Edward A. Peterson, St. Paul, 
Minn. Meets twice annually, fall and winter. 

MississiPPI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Dan T. Keel, Jr 504 Chippewa 
St., Brookhaven, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 P.M. 

Missour: RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. M. Shoss, Cape Girardeau, Mo. 

Montana RADIOLOGICAL SOCIETY 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 

NEBRASKA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Bunting, The Radiologic Center, 
Nebraska Methodist Hospital, Omaha 31, Neb. Meets 
third Wednesday of each month at 6 p.ar. in Omaha or 
Lincoln. 

NevabDa RADIOLOGICAL SOCIETY i 
Secretary, Dr. Wiliam G. Arbonies, Department of 
Radiology, St. Mary's Hospital, Reno, Nev. 

New ENcLaND RozNTGEN Ray Society 
Secretary, Dr. Jack R. Dreyfuss, Zero Emerson Place, 
Boston, Mass. 02114. Meets third Friday of each month, 
October through April, at The Longwood Towers, 20 
Chapel Street, Brookline, Mass., at 4130 P.M. 

New Hampsoire Rogntoen Ray Society 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 
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New Mexico Association or Rapro.ocists 
Secretary-Treasurer, Dr. Justin J. Wolfson, Department 
of Radiology, Bernalillo County-Indian Hospital, 
Albuquerque, New Mexico. 

New Mexico Sociery or Rapro.ocists 
Secretary, Dr. William G. McPheron, Hobbs, New 
Mexico. Four meetings annually, three held in Albuquer- 
que, N. M., and one held at time and place of New 
Mexico State Medical Society annual meeting. 

New York RogNrTGEN Sociery 
Secretary, Dr. Milton Elkin, Albert Einstein College of 
Medicine, Bronx, N.Y. 10461. Meets monthly on third 
Monday at the New York Academy of Medicine at 4:30 
P.M. Annual meeting to be announced. 

NonTH CanoLtiNA RADIOLOGICAL SOCIETY 
Secretary, Dr. E. H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

NonTH Dakota RaproLocicar SOCIETY 
Secretary, Dr. Robert J. Olson, 1240 8th Ave., Williston, 
N. D. Meets at time of State Medical Association meet. 
ing. Other meetings arranged on call of the President. 

Norty Fioripa RADIOLOGICAL Society 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December. 

NORTHEASTERN New York RADIOLOGICAL Society 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albany 6, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

NonTHERN CaLiFonNIA RapioLoGicAL Society 
Secretary- Treasurer, Dr. John Turner, 121:-28th. St., 
Sacramento, Calif. Meets fourth Monday of Sept., Nov., 
Jan., March and May at the Sutter Club in Sacramento, 

NORTHWESTERN Onto RADIOLOGICAL SOCIETY 
Secretary, Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Onio SrATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Mortimer Lubert, Cleveland, Ohio. An- 
nual meeting: Toledo, Ohio, May 13-15, 1966. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert Sukman, 1200 N. Walker, Okla- 
homa City, Okla. Meets in January, May and October. 

OnaNGE County RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Logan, 301 Newport Blvd., 
Newport Beach, Calif. Meets fourth Tuesday of every 
month at Orange County Medical Association Build- 
ing. 

OREGON RADIOLOGICAL SOCIETY 
Secretary Treasurer, Dr. Robert S. Miller, 13753 S.W, 
Farmington Rd., Beaverton, Ore. 97005. Meets on second 
Wednesday of month, October through April, at the 
University Club, Portland, Ore. 

OnLEANS Paris RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each month. 

Paciric NorTHWEsST RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Willis Taylor, 1118 oth Ave., 
Seattle, Washington. Annual meeting to be announced. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. T. Frederick Weiland, fr., 619 Ridgeway 
Ave., Grove City, Pa. Annual meeting: Hotel Hershey, 
May 12-14, 1966. 

PHILADELPHIA RogNTGEN Ray Society 
Secretary, Dr. C. Jules Rominger, Misericordia Hospital, 
z4th St. and Cedar Ave., Philadelphia, Pa. 19143. Meets 
first Thursday of each month at 5 p.m., from October to 
May in Thompson Hall, College of Physicians. 

PITTSBURGH RokNTGEN SOCIETY 
Secretary, Dr. Robert N. Berk, 3305 Fifth Ave., Pitts- 
burgh 13, Pa. Meets second Wednesday of month, Octo- 
ber through June at Park Schenely Restaurant, 

RADIOLOGICAL SOCIETY OF CONNECTICUT, Ine, 
Secretary-Treasurer, Dr. Orlando F. Gabriele, 1450 
Chapel St., New Haven 11, Conn. Meetings are held 
quarterly. 
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RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary, Dr. Harold N. Margolin, 6159 Tulane Road, 
Cincinnati, Ohio. Meets first Monday of each month at 
Cincinnati Academy of Medicine, 

RADIOLOGICAL SOCIETY or GREATER Kansas CirY 
Secretary, Dr. J. Stewart Whitmore, roro Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

RapioLoaica Society or Hawa 
Secretary-Treasurer, Dr. Robert W. Edland, P.O. Box 
282, USA Tripler General Hospital, Honolulu, Hawaii. 
Meets third Monday of each month at 7:30 P.M, 

RapioLocicAL Society or Kansas Ciry 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL Society or LOUISIANA 
Secretary, Dr. Lester W. Eavenson, 2700 Napoleon Ave. 
New Orleans 15, La. Meets semiannually, during Loui- 
slana State Medical Society meeting and 6 months later. 

RapioLoGicAL Socigry or New JERSEY 
Secretary, Dr. E. Arthur Kratzman, 912 Prospect Ave., 
Plainfield, N. J. Meets in Atlantic City at time of State 
Medical Society meeting and in October or November 
in Newark, N. J. 

RapioLocicaL Sociery or Ruope Istanp 
Secretary-Treasurer, Dr. John M. Vesey, 1196 Elmwood 
Ave., Cranston, R. I. 

RADIOLOGICAL SOCIETY or Sout DAKOTA 
Secretary-Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. Gerald M. McDonnel, U.C.L.A. 
Medical Center for Health Sciences, Los Angeles, Calif. 
90024. Meets three times a year, usually October, Febru- 
ary, and May, 

RADIOLOGICAL SOCIETY OF THE STATE or New YORK 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester 18, N. Y. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

RicumMonp County RaAprioLoGtcAt Socigry 
Secretary, Dr. W. F. Hamilton, ]r., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

Rocuester Roenrcen Ray Socrery, Rocuesrer, N. Y, 
Secretary, Dr. Irving B. Joffe, Rochester General Hos- 
pital, 1425 Portland Ave., Rochester 21, N. Y. Meets at 
8:15 p.m. on the last Monday of each month, September 
through May, at Strong Memorial Hospital. 

Rocky Mountain RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert W. Lackey, 4200 E. 
Ninth Ave, Denver, Colo. Annual meeting: Brown 
Palace Hotel, Denver, Colo., Aug. 18-20, 1966. 

San Antonio-Mitrrary RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio ¢, Tex. Meets third Wednesday of 
each month in Fort Sam Houston Officer's Club at 6230 
P.M. 

San Dieco Rapiorogicat Socrery 
President-Secretary, Charles P. Hyslop, 7901 Frost St., 
San Diego 22, Calif. Meets first Wednesday of each 
month at the University Club. 

SAN Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. H. Joachim Burhenne, Children’s Hospital 
and Adult Medical Center, 3700 California St., San Fran- 
cisco, Calif. 94119. Meets quarterly at the San Francisco 
Medical Society, 2:0. Masonic Ave., San Francisco, 
Calif. 94118, 

SECTION ON RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section on Raptotocy, Mabicar Soctery or tHe Dis. 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. George T. Hennessey, Washing- 
ton, D. C. Meets at Medical Society Library, third 
Wednesday of January, March, May and October at 
8:00 P.M. 
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SECTION ox RaproLocy, SOUTHERN MEDICAL ÁSSOCIATION 
Secretary, Dr. Andrew F. Giesen, Jr., White-Wilson 
Clinic, Fort Walton Beach, Fla. Annual meeting: 
Washington, D. C., Nov. 14-17, 1966. 

SECTION ON RapioLoar, TEXAS MEDICAL Association 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 Pm, 
September to May inclusive. 

SOCIETY FOR PEDIATRIC RADIOLOGY 
Secretary, Dr. John L. Gwinn, Children's Hospital, 4614 
Sunset Blvd., Los es 27, Calif, Annual meeting: 
San Francisco Hilton Hotel, San Francisco, Calif., Sept. 
26, 1966. 

SOCIETY oF NucLEAR MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago 11, Ill. 
Anncal meeting to be announced, 

SoutH Bay RADIOLOGICAL Society 
Secretary, Northern Section: Dr. John H. Callaghan, 
2900 pple Ave., Redwood City, Calif.; Southern Sec- 
tion: Dr. Carleton J. Wag mer Clarman Way, San 
Jose, Calif. Meets second Wednesday of each month. 

SourH CAROLINA RADIOLOGICAL Society 
Secretary, Dr. George W. Brunson, 1406 Gregg St. 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

SourH DaxorA RADIOLOGICAL SOCIETY 


Secretary, Dr. Donald J. Peik, 1417 S. Minnesota Ave. 
Sioux S. Dak, Meets in spring with State Medical 
Society and in fall. 


SouTHERN RADIOLOGICAL CONFERENCE 
Secretary- Treasurer, Dr. Marshall Eskridge, Mobile In. 
firmary, P.O. Box 4097, Mobile, Ala. Annual meeting to 
be announced. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
aen John M. McGuire, 904 Chelsea, El Paso, 
Tex. Meets last Monday of cach month at 6:30 P.u. in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. E. K; Carter, Holston Valley 
Community Hosp., pina sale Tenn, Meets annually at 
the time and place of the Tennessee State Medical Asso. 
ciation meeting. 

Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. Herman C. Sehested, 815 Medical Arts 
Bldg., Fort Worth 2, Tex. Annual meeting to be an- 
nounced, 

TarSrATE RADIOLOGICAL SOCIETY 


Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 
ital, Henderson, Ky. Meets thi ednesday of Oct., 
Jan March and ay, 8:00 PJ4., Elks Club in Evans- 


ville, 

Unrversrry or MICHIGAN DEPARTMENT or ROENTGEN- 
OLOGY STAFF MEETING 
Meets each Monday evening from September to June, at 
7:00 P.M. at University Hospital, Ann Arbor, Mich. 

UPPER PENINSULA RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarteriy. 

UTAN STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Carlisle C, Smith, Salt Lake Genera !Hos- 
pital, 2033 S. State St., Salt Lake City, Utah. Meets 
o ednesday in January, March, May, September 
and November at Holy Cross Hospital. 

Vermont RADIOLOGICAL SOCIETY 
START, Dr. John R. Wiliams, 160 Allen St., Rutland, 

ts 


VigaoiNiA RADIOLOGICAL SOCIETY 
Secretary, Dr. John M. Ratliff, Mary Immaculate Hos- 
pital, Newport News, Va. 
r i Mad Ta T a 
cere. : n Marten, 930 Terry Avenue, Seattle, 
Wash. Meets quarterly. 
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West Vigoma RaADrIOLOGICAL SoorgTY 
Secretary, Dr. Karl J. p ir The Myers Clinic-Broad. 
dus Hospital, PD . Va. Meets concurrently with 
Annual Meeting of West Virginia State Medical Society; 
other meetings arranged by program committee. 

WESTCHESTER RADIOLOGICAL SOCIETY . 
Secretary, Dr. Peter P. Brancucci, Westchester Academy 
of Medicine, Section on Radiology,’ Purchase, N. Y. 
Meets on third Tuesday of January and October and on ' 
two other dates. 

Wisconsin RADIOLOGICAL SOCIETY 
Secretary Treasurer, Harold F. Ibach, 2400 W., Villard 
Ave., Milwaukee, Wis. Meets twice a year, May and 
September. 

Wrona RADIOLOGICAL SOCIETY 
Secretary, Dr. Ronald R. Lund, M W. oth St., Casper, 
Wyo. Meets in fall with State Medical Society and in 
spring on call of President. 


Cusa, Mexico, Puerto Rico AND CENTRAL AMERICA 


Asociación pg Rapidtocos DE CENTRO AMERICA Y 
PANAMÁ, Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panamá. 
Secretary-General, Dr. Roberto Calderón, Calle Central 
Oeste No. 218, Managua, Nicaragua, Central America. 
Meets annually in a rotating manner in the six countries. 

SociEDAD DE Rapro.oefa ng EL SALVADOR 
Secretary, Dr. Rafael Vaga Gómez. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9%, Calle A 0-05, Zona 1 
Guatemala. 

ir dn DE DC rode Vier "T 

ecretary, Dr. Migu García Plasencia, i 
Curie, 29 y F, Vedado, Habana, Cuba. Meets monthly at 
Curie Hospital. ; 

SOCIEDAD COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vin 
San José, Costa Rica. 

Soctepap Mexicana DE RabioLocfA, A.C. 

Calle del Oro No. 15, México 7, D. F. 
Secretary-General, Dr. E. Alvarez Hernández. 
Men iri Monday of each month. 

Asocract6n PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

SoctepAD RADIOLÓGICA PANAMEÑA - 

Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323 
Panama, R, de P. Mee:s monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SocrepaD Raproiéerca pg Puerro Rico 
Secretary, Dr. Jorge Carreras Girard, Suite 504, Profes- 
sional Bldg., Santurce, Puerto Rico. Meets second Thurs- 
day of each month at 8:00 p.m. at the Puerto Rico Medi. 
cal Association Bldg. in San Juan. 


Barnusu COMMONWEALTH OF NATIONS 


ASSOCIATION OF RADIOLOGISTS OF THE PROVINCE OF P peo: 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St, East, Montreal, Que., Canada. Meets 
four times a year. 

Bzrrisg Iusrrrvvg or RAproroov 
Honorary Secretary, Dr. G. H. du Boulay, 32 Welbeck St., 
London, W. i Paa Meets monthly from October 
until May. Annual meeting to be announced. 

CANADIAN Association or Puyrsicists, Division or 
Mzpicar AND BiorooicaL Puysics. 

Honorary Secretary Treasurer, Paul M, Pfalzner, Dept. ot 
Therapeutic Radiology, University of Western Ontario 
London, Ont., Canada. Annual meeting to be announced. 

EpuoxroN AND Disraicr RaDioLooticAL Socrery 
Secretary, Dr. B. V. Evans, 105 Northgate Bldg., Al. 
bees. Canada. Meets second Tuesday of each month in 
various Edmonton Hospitals. 

deos DT Mun T: 

onorary Secretary, Dr. J. N. Pattinson, 47 Lincoln's Inn 
Fields, London W.C.2, England. Annual meeting 
to be announ . 

FacuLrY or Rapro.oaisrs, RoYaL COLLEOE or SURGEONS 

IN IRELAND 
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Registrar, Dr. H. O'Flanagan, F.R.C.P.I., D.P.H., 123 
St. Stephens Green, Dublin 2, Íreland. 

Section or RapioLoav or THE Rovar Society or MEDI- 
cINE (CoxriNED tro MEDICAL MEMBERS) 
Meets third Friday each month at 4:45 P.M. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1, Eng- 
land. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Honorary Secretary- Treasurer, Dr. D. J. Sieniewicz, 4s50- 
ciate Honorary Secretary- Treasurer, Dr. Maurice Dufresne, 
1:56 Summerhill Ave., Montreal 25, Que, Canada. 
Annual meeting to be announced. 

MontreEAL RADIOLOGICAL Srupy Crus 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

Section or RapioLoGY, CANADIAN MEDICAL ÁSSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. 5. 

. SociÉrÉ CANADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary General, Dr. Jacques Lespérance, 1656 Sher- 
brooke East, Montreal, Que., Canada. Meets every third 
Tuesday from October to April. Annual meeting to be 
announced, 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

CoLLEGE or RADIOLOGISTS OF AUSTRALASIA 
Honorary Secretary, Dr. E. A. Booth, c/o British Medical 
Agency, 135 Macquarie St., Sydney, N.S.W., Australia. 


SOUTH AMERICA 


ASOCIACIÓN ARGENTINA DE RADIOLOGÍA 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Afiafios, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 p.m. in the Hospital 
Nacional de Centenario, Santa Fe 1300, Rosario. 

Cor£cio BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Tede Eston de Eston, Caixa Postal 
6984, Sao Paulo, Brazil. 

SOCIEDAD ARGENTINA DE RADIOLOGIA 
Secretary, Dr. Edwarde A. Navarrine, Santa Fe 1171, 
Buenos Aires. Meetings are held monthly. 

SocrepaD BoLivaNa DE RADIOLOGÍA 
Secretary, Dr. Javier Prada Méndez, Casilla 1596, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years, 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
Janeiro, Brazil. General Assembly meets every two years 
in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644, Sao Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 P.M. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SoctEDAD CHILENA DE RaproLocia 
Secretary, Dr. J. P. Velasco, Avenida Santa Maria 
o410, Santiago, Chile. Meets fourth Friday of each 
month. 

SOCIEDAD COLOMBIANA DE RADIOLOGIA 
Secretary, Dr. Armando Uribe, Hospital Miltar Central, 
Apartado aéreo No. 5804, Bogotá, Colombia. Meets last 
Thursday of each month. 

Socigbap EcuarortANA DE RapioLtocia v FISIOTERAPÍA 
Secretary, Dr. Luis Blum, P.O. Box 3712, Guayaquil, 
Ecuador. 

SocigbAD PARAGUAYA DE RapioLocia 
Secretary, Dr. Miguel González Addone, 15 de Agosto 

22, Asunción, Paraguay. 

SOCIEDAD PERUANA DE RADIOLOGIA 
Secretary, Dr. Vicente Ubillus, Apartado 2306, Lima, 
Peru. Meets monthly except during January, February 
and March, at Asociación Médica Peruana "Daniel A. 
Carrión," Villalta 218, Lima. 
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SOCIEDAD DE RADIOLOGICA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Instituto 
de Radiologia. 

SociEbap DE Rapiorocía, 
Mépica DEL URUGUAY 
Secretary-General, Dr. Ernesto H. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGIA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal sos, Pernambuco, Brazil. 

SOCIEDAD DE RoEkNTGENOLOGIA Y MEDICINA NUCLEAR DE 
LA Provincia DE CÓRDOBA 
Secretary-General, Dr. Carlos A. Oulton, Santa Rosa 447, 
Cérdoba, Argentina. 

SocigDAD VENEZOLANA DE RADIOLOGÍA 
Secretary-General, Dr. Luis F. Muro, Apartado No. 9362 
Candelaria, Caracas, Venezuela. Meets monthly third 
Friday at Colegio Médico del Distrito Federal, Caracas. 


CaNcEROLOGÍA Y Fisica 


CONTINENTAL EUROPE 


OsTERREICHISCHE RONTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse to, Vienna 
9, Austria. Meets second Tuesday of each month in 
Allgemeine Poliklinik. Annual meeting to be announced. 

Soci£rTÉ BELGE pg RADIOLOGIE 
General Secretary, Prof. Simon Masy, Louvain, Belgium. 
Meets in February, March, May, June, September, 
October, November and December. 

Soci£rÉ EUROPÉENNE DE RADIOLOGIE PÉDIATRIQUE 
Permanent Secretary, Dr. Jaques Sauvegrain, Hôpital des 
Enfants-Malades, 149, rue de Sèvres, Paris 1se, France, 
General Secretary, Dr. Ole Eklöf, P.O. Box, Stockholm 6o, 
Sweden. Annual meeting to be announced, 

SociÉéré Française D ELEcrTrRoRAaDIOLOGIE MÉDICALE, 
and its branches: SociEré pu Sup-Ovest, DU LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU LyoNNals, DU 
NORD, DE L'OUEST, DE L EST, Er p’ALGER ET D’APRIQUE 
pu Non». Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris, France. 

Secretary-General, Dr. Ch. Proux, 9 rue Daru, Paris 85, 
France. 

ČESKOSLOVENSKÁ SPOLEČNOST PRO ROENTGENOLOGI A 
RaDIoLoci 
Secretary, Dr. Robert Poch, Praha 12, Srobarova so 
Czechoslovakia. Meets monthly except during Jul 
August and September, Annual general meeting. 

DEUTSCHE RÓNTGENGESELLSCHAFT 
Secretary, Professor Dr. med. H. Lossen, Universitäts. 
Róntgeninstitut, Lagenbeckstr. 1, Mainz, Germany. 

SocigrÀ IrALIANA pi Rapiotocia MEDICA E DI MEDICINA 
NUCLEARE 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano, 
Torino, Italy. Meets annually. 

NEDERLANDSE VERENIGING VOOR RADIOLOGIE 
Secretary, Dr. H. F. O. Stricker, Schalklaar, Netherlands. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a 
joint association call d the Northern Association for 
Medical Radiology, meeting every second year in the 
different countries belonging to the Association. 

Sociepap EspaNota pe Rapiotocfa v ELecrroLocia 
Meépicas y MEDICINA NUCLEAR 
Secretary, Dr. D. Aureo Gutierrez Churruca, Esparteros, 
No. 9, Madrid, Spain. Meets monthly in Madrid. 

SCHWEIZERISCHE GESELLSCHAFT FUR RADIOLOGIE UND 
NUKLEARMEDIZIN (Société Suisse DE RADIOLOGIE ET 
pe MÉDECINE NUCLÉAIRE) 

Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland, 


? 
, 
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ASIA 


Inp1an RADIOLOGICAL ÁSSOCIATION 
Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 

INDONESIAN RADIOLOGICAL SOCIETY 
Secretary, Professor Sjahriar Rasad, Taman Tjut Mutiah 
1, Diaxarta, Indonesia. 
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ROENTGEN DIAGNOSIS 
NECK AND CHEST 


Mutter, T. An unusual anomaly of the neck: 
a case report. Med. Proc., Oct., 1965, 17, 537— 
247. (From: Department of Anatomy, Uni- 
versity of Pretoria, Pretoria, Transvaal, 


Union of South Africa.) 


The author reports an unusual anomaly, absence 
of the neck, in a 7 month old Bantu fetus. This con- 
dition was in association with many other congenital 
anomalies, including a large diaphragmatic hernia. 
Roentgenograms of the head and neck region were 
obtained and showed a cervical vertebral column 
which appeared to be double rather than a bifid 
single column, and ribs were attached to it on the 
left side. In addition the right petrous bone appeared 
to be poorly developed. 

The author relates in detail the external appear- 
ance of the fetus in addition to a detailed report of 
anatomic dissection of the fetus. In the head and 
neck area anatomic dissection showed a large an- 
terior fontanelle approximately 5 cm. in cross sec- 
tion. It was asymmetric, being wider on the right 
side. In addition a wide gap separated the frontal 
and parietal bones. The parietal bones were widely 
separated and were unusually large. There was a 
distinct notch along the medial aspect of the nght 
parietal bone. The posterior fontanelle was unusual 
in shape and size due to a wide separation of the two 
halves of the underdeveloped irregular squamous 
portion of the occipital bone. Here the occipital 
bones appeared to end abruptly on the trunk. 

The major value of this paper 1s the discussion 
which is concerned with iniencephalus. The three 
cardinal characteristics of iniencephalus are: (1) 
imperfect formation of the occiput in the neighbor- 
hood of the foramen magnum; (2) spina bifida of 
considerable extent; and (3) retroflexion or back- 
ward bending of the spine, the face therefore looking 
upward. 

According to Gilmour, the more extreme form of 
Klippel-Feil syndrome is indistinguishable from 
iniencephaly. The major difference between the 
abnormalities that range from the Klippel-Feil 
syndrome to iniencephalus and those included in the 
encephalomyelocele group, is that the brain and the 
cord in the former are confined in the bony skeleton 
and in the latter lie in a sac partially outside the 
bony framework of the head and spine. According to 
Potter, in iniencephalus the brain is often normal 
except for changes caused by the altered shape of the 
skull, although there may be dilatation of the ven- 
tricles and thinning of the cortex. In the case re- 
ported in this article the brain showed marked 
asymmetry, hydrocephalus and encephalocele pos- 
teriorly. The cerebellum was hypoplastic and overlay 
the unclosed portion of the spinal cord in the abnor- 
mal foramen magnum. 
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As regards etiology, this 1s apparently a condition 
initiated in a very early state (primitive streak) 
rather than in the more advanced embryo, causing 
damage to the presumptive notochord and somites of 
the cervical occipital region so that further ontogeny 
is grossly disturbed. This leads not only to inhibi- 
tion, but also to a bizarre growth pattern resulting in 
numerous associated malformations. Severe early 
damage would presumably be manifested in the 
grossest form of iniencephalus completely incom- 
patible with life, grading down to the milder form of 
Klippel-Feil syndrome.—Lionel W. Young, M.D. 


Simon, GEorGE, The cause and significance of 
some long line shadows in the chest radio- 
graph. President's Address. Proc. Roy. Soc. 
Med., Nov., 1965, 58, 861-866. (From: 
Diagnostic Radiology Department, St. Bar- 
tholomew’s Hospital, London, England.) 


Kerley, Trapnell, Nelson and Fleischner et al., 
have dealt with and explained various line shadows 
appearing in chest roentgenograms. The author be- 
lieves that the commonest cause of a long line 
shadow is a part of the pleura. 

He describes various appearances of the main 
fissure and the horizontal fissure occurring with the 
presence of exudate or following resection or atelecta- 
sis of a lobe. Accessory fissures may cast a line shadow 
but examination in posteroanterior and lateral pro- 
jections should establish their true nature. The line 
cast by the wall of a bulla may also present as a 
linear or curvilinear shadow. 

In cases of significant alteration of the appearance 
of the horizontal fissure, observation of the number 
and orientation of the hilar vessels may reveal an 
underlying atelectasis involving a lobe. The lines 
described as “plate atelectasis” are commonly seen 
postsurgically with a high diaphragm and impaired 
respiration. This same line may be seen in older 
patients without pulmonary disease. The etiology 
then is difficult to determine. 

This is an authoritative presentation with thought- 
ful analysis. The Address is recommended to the 
reader in its entirety for more thorough explanation 
of the various line shadows.— George Kling, M.D. 


Morray, M. J., and KRONENBERG, RICHARD. 
Pulmonary reactions simulating cardiac pul- 
monary edema caused by nitrofurantoin. 
New England F. Med., Nov. 25, 1965, 273, 
1185-1187. (From: Department of Medicine, 
University of Minnesota Medical School, 
Minneapolis, Minn.) 

Sensitivity reactions cf the lung to drugs are un- 
common and usually take the form of pulmonary 
infiltration with eosinophilia. Rarely do such reac- 
tions present a picture of pulmonary edema. 

Sensitivity reaction in the lungs may occur in 
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patients receiving nitrofurantoin and may be readily 
mistaken for pulmonary edema leading to incorrect 
management. In the 3 cases reported the physical 
findings did not relate well to the roentgenologic 
findings. There were widespread crepitant rales of the 
typeordinarily attributed to edema of the lungs. Two 
of the chest roentgenograms were clear and a third 
showed pulmonary congestion and a very transient 
consolidation of the right lower lobe. Although the 
white blood cell count was raised in all 3 patients, it 
was the neutrophils, not the eosinophils, that were 
responsible for the elevation. Fever was present in all 
to some degree, raising the possibility of pulmonary 
infection. 

Nitrofurantoin is a bactericidal agent used in the 
treatment of genitourinary infections. Although a 
variety of toxic reactions have been reported after 
administration, only § cases of allergic pneumonitis 
have been recorded. All the reported cases followed 
the same pattern. Attacks usually began 3 or 4 days 
after the drug was started, and were characterized 
by chills, fever, cough and dyspnea. The findings 
consisted of cyanosis and rales. Roentgen study re- 
vealed either no abnormalities or patchy infiltra- 
tions at the lung bases. Eosinophilia was often pres- 
ent, but not of the order seen in eosinophilic pneu- 
monitis. The symptoms and physical signs always 
exceeded the roentgenographic findings. Attacks 
could always be produced by rechailenging with the 
drug. 

The patients most likely to be treated with nitro- 
furantoin are the elderly with chronic urinary infec- 
tion. The same patients because of their age are 
likely to have established ischemic heart disease or to 
be suspected of it when the symptoms first appear. 
Should nitrofurantoin sensitivity be suspected, the 
findings of a normal circulation time would be against 
pulmonary edema of cardiac origin and in favor of 
noncardiac causes. The drug should then be stopped 
and the patient observed.—David Morse, M.D. 


HorpEN, Heren M., Quinuan, J. J., and 
Hitz, J. E. Co-existing pulmonary tuber- 
culosis and bronchogenic carcinoma: a report 
of 15 cases. Canad. M. A. F., Dec. 18, 1965, 
93, 1306-1310. (From: Nova Scotia Sana- 
torium, Kentville, Nova Scotia, Canada.) 


Carcinoma of the lung as well as active tuberculo- 
sis is common in individuals over the age of 5o years. 
Numerous reports have been made recently on the 
combination of the 2 diseases in the same patient. 
One of 3 conclusions are usually made to explain the 
association: (a) tuberculosis, by its metaplastic 
effect on the bronchial epithelium, initiates the de- 
velopment of carcinoma; (b) carcinoma, during its 
extension in the lung, activates dormant tuberculous 
lesions; and (c) the occurrence of both diseases in the 
same patient is pure coincidence. 

Since 1940, 80 patients with carcinoma of the lung 
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have been treated at the Nova Scotia Sanatorium; in 
IS, coexisting active pulmonary tuberculosis was 
present. No characteristic clinical or roentgenologic 
findings indicated that the tuberculous individual 
also had lung cancer. 

The first conclusive evidence of malignancy was 
provided by cytologic examination of the sputum in 
6, bronchoscopic specimen in 4, pre-scalene node 
biopsy in 1, pulmonary resection in 1, and by autopsy 
in 3. Considerable time elapsed before carcinoma was 
suspected. 

At the Nova Scotia Sanatorium, it is now the 
policy on all patients over the age of 50 years with 
tuberculosis to do repeated cytologic examinations 
of the sputum and to do bronchoscopic examinations. 

Four patients with known cancer were considered 
suitable for thoracotomy. Attempt at curative resec- 
tion was made in 3. One survived 7 years before 
accidental death; 1 is alive less than 1 year after 
operation, the third died as a resultof the surgery. 

Radiation therapy alone was given to 2 patients, 
I individual survived less than 2 months and the 
other for more than 1 year. One patient survived for 
almost 3 years following a combination of irradiation 
and chemotherapy.—George 4. Miller, M.D. 


Pour, R. Der Narbenkrebs der Lunge. (Scar 
carcinoma of the lung.) Fortschr. a. d. Geb. d. 
Róntgenstrahlen u. d. Nuklearmedizin, Nov., 
1965, 703, 515-532. (Address: Lange Gasse 
63, Wien VIII, Austria.) 


Lung cancer arising in scar tissue is an uncommon 
condition and can easily be overlooked even at 
necropsies. It usually remains small and inconspicu- 
ous, while widespread metastatic lesions predomin- 
ate. Only meticulous search for the primary tumor 
may lead to its detection in pulmonary scars. Nine 
verified cases are reported. 

In the first patient, symptoms were present for 3 
years. A soft tissue tumor removed from the shoulder 
region proved to be a metastatic carcinoma, Roent- 
genograms of the chest disclosed a tuberculoma of 
the right upper lobe. At necropsy, a carcinoma was 
found in this tuberculoma. Identical tumor tissue 
was also present in the liver and the left kidney. 

The second patient was hospitalized because of 
intestinal bleeding. Tuberculous scars were found in 
both pulmonary apices. At necropsy, scar carcinoma 
was present bilaterally with spread to the anterior 
mediastinum and the fourth lumbar body. 

In the third patient, a very painful polyarthritis 
predominated, while pulmonary symptoms were 
absent. A survey chest roentgenogram revealed a 
small fibrotic infiltrate in the right upper lobe. Eight 
months later, the examination was repeated because 
of cough and chest pain. At this time, a large pulmon- 
ary neoplasm was present in the same area with 
extension to the chest wall and ribs. Metastatic 
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lesions were found in the brain and the left adrenal 
gland. 

The fourth patient presented with fever, cough 
and rusty sputum. There was pulmonary scarring in 
the right apex with presence of a small ovoid radio- 
lucency. A necropsy disclosed a minute neoplasm in 
the scar and a small cavity peripherally. Hemato- 
genous metastatic seeding was present in the adrenals, 
brain, heart, stomach, thyroid gland and the peri- 
toneal wall, but not locally. 


In the fifth patient, neurologic manifestations 


predominated. Osteolytic lesions were present in 
several ribs, but the lungs were free from changes 
except for fibrotic strands in the right lower lobe. 
The anatomic diagnosis of a primary tumor in the 
lung met at first with difficulty because of extensive 
scarring and localized pleural thickening. Metastatic 
lesions were present in the hilar and ipsilateral 
lymph nodes, the brain, the adrenals and the skeletal 
system. 

The sixth patient presented with gastric manifesta- 
tions. Ulcer craters were found and were believed to 
be malignant, and a coin lesion in the left upper lobe 
was considered a metastatic process. The necropsy, 
however, revealed a primary carcinoma of the lung 
contiguous with a pleural scar. Metastatic lesions 
were present in the liver. 

The seventh patient was operated upon because of 
an acute ileus. Metastatic lesions were found in the 
liver. A primary lung cancer was detected in tuber- 
culous scar tissue of the right upper lobe. Metastatic 
seeding was also present throughout the skeletal 
system. 

In the eighth patient, a survey roentgenogram of 
the chest revealed a fibrotic strand in the right upper 
lobe following a severe chest trauma 40 years earlier. 
Two years later, a large tumor was discovered in the 
back overlying the scar. At necropsy, widespread 
metastatic lesions were found throughout the body. 

The ninth patient preserited with (widespread) 
metastatic seeding throughout both lungs and many 
other organs. The primary tumor was found in a coin 
lesion of the right middle lung field. 

Scar carcinoma develops primarily in old tuber- 
culous lesions but may also be secondary to anthraco- 
sis and silicosis. Scars are subject to transformation 
during the course of years and decades. They are 
altered by mechanical, inflammatory and chemical 
irritants and become the sites of cholesterol deposits. 
Tumors in scars cannot be differentiated with cer- 
tainty from peripheral bronchogenic carcinoma. 
Histologically, both tumor types display a wide 
variety. 

Characteristically, the neoplasm masquerades as 
neuritis, neuralgia, arthritis (pulmonary osteo- 
arthropathy), brain tumor and various other condi- 
tions. Its possibility must be kept in mind when 
metastatic lesions are found, and at necropsy diligent 
search for a minute primary lung tumor is necessary. 
—Ernest Kraft, M.D. 
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ABDOMEN 


Kern, MicHaEgL M., and BRADLEY, ROBERT 
L. (Huntington, W. Va.) Gastrospasm in 
gastric ulcer. South. M. F., Jan., 1966, 59, 
I-9. 


Gastrospasm is the most common indirect sign of 
gastric ulcer. Three categories of gastrospasm are 
observed: (1) circumscribed spasm in the form of an 
jncisura is seen immediately opposite the ulcer, or 
slightly above or below. or occasionally two deep 
contractions are seen; (2) regional spasm is found 
distal to the ulcer and involves a large segment of the 
stomach, sometimes completely obscuring the ulcer 
crater; (3) total spasm diminishes the size of the 
stomach, with a narrowed lumen. 

In the latter two types of gastrospasm, peristalsis 1s 
diminished or absent, gastric evacuation is delayed, 
and differentiation from an infiltrating malignancy is 
often difficult. 

The use of antispasmcdic drugs is discussed, par- 
ticularly the injectable forms which act on smooth 
muscle contraction.—Merk D. Reiss, M.D. 


SrEMAT, P., and Gras, E. Fistule gastro-colique 
par perforation d’un ulcére cortisonique de 
la grande courbure de l'estomac. (Gastro- 
colic fistula from perforation of a cortisone 
ulcer on the greater curvature of the stom- 
ach.) F. de radiol, d'électrol. et de méd. 
nucléaire, Nov., 1955, 46, 741-746. (From: 
Service de Radiologie du Centre médico- 
chirurgical Foch, Paris, France.) 


A cortisone ulcer typically appears at the lowest 
point of the greater curvature where tablets of the 
medication collect. 

In reporting I new case and reviewing 12 others the 
authors describe this typical progression: oral corti- 
sone therapy, appearance of fistulized ulcer without 
inflammatory reaction, discontinuance of cortisone, 
and spectacular regression of the fistula with the 
appearance of edema anc inflammation. 

In the authors’ case gs in some others the fistula 
closed spontaneously after the administration of 
cortisone was stopped. They note that ih their case 
and in 5 others of the series the diagnosis could be 
made by study with barium meal only; in other cases 
barium enema examinations were required.—Frank 


A. Riebel, M.D. 


Epwarps, A. M., Micuatysuyn, B., SHER- 
BANIUK, R. W., and CosroPouros, L. B. 
Regional enteritis of the duodenum: a review 
and report of five cases. Canad. M. A. T.s 
Dec. 18, 1965, 93, 1283-1295. (From: De- 
partments of Medicine, Surgery and Radiol- 
ogy, University of Alberta Hospital and 
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University of Alberta Medical School, Ed- 
monton, Alberta, Canada.) 


The frequency of regional enteritis is one-fifth that 
of ulcerative colitis. In 1954, review of a series of 600 
cases from the Mayo Clinic revealed duodenal in- 
volvement in only 3. The literature as reported by 
the authors contains 43 cases of duodenal involve- 
ment and they add 5 of their own to bring the total to 
48. In 2 cases of the authors' series the patient 
presented with symptoms of upper gastrointestinal 
disease. Of the 5 cases, 3 had clinical and pathologic 
manifestations and radiologic and operative findings 
of duodenal involvement early in the course of re- 
gional enteritis. The other cases showed severe in- 
volvement of the duodenum after several years of 
ileal disease. 

In cases of duodenal obstruction, regional enteritis 
should be considered in the differential diagnosis. 
Comfort ef al. in 1950 divided the clinical picture of 
patients with duodenal involvement into 4 patterns: 
(1) continuance of intermittent upper abdominal 
distress, often intensified by food, and often accom- 
panied by loss of weight and vomiting; (2) diarrhea 
and steatorrhea, episodic in type; (3) gastric reten- 
tion, denoted by succussion splash and by high morn- 
ing gastric residue; (4) deficiency syndromes result- 
ing from malabsorption. These patterns are not 
specific for duodenal disease alone and may also be 
present with upper jejunal partial obstruction. 

The present view is that regional enteritis is a 
diffuse process in which the pathology varies with the 
stage of the disease. The prominent histopathologic 
features in the acute stage are lymphedema and 
lymphangiectasia. They may later progress to a non- 
specific chronic inflammation with a granulomatous 
component and some fibrosis. 

In cases of involvement of the duodenum and 
upper gastrointestinal tract, the other diseases to be 
considered in the differential diagnosis are peptic 
ulcer, lymphoma, scleroderma or amyloidosis. 

Laparotomy is usually indicated for relief of the 
obstructive symptoms and for definitive diagnosis. 
The procedure of choice is a bypass operation com- 
bined with vagotomy to minimize the possibility of 
stomal ulceration. Steroid therapy is of value in non- 
obstructing upper gastrointestinal involvement, as 
the disease in this area “never results in perforation 
or fistula formation.” One of the authors felt that 
salicylazosulfapyridine may be of as much value as 
prednisone in halting progression of the disease.— 
George Kling, M.D. 


WILKINSON, PATRICIA, Pinto, BENJAMIN, and 
SENIOR, Joun R. Reversible protein-losing 
enteropathy with intestinal lymphangiectasia 
secondary to chronic constrictive pericarditis. 
New England F. Med., Nov. 25, 1965, 273, 
1178-1181. (From: Gastrointestinal Re- 
search Unit and Medical Service, Phila- 
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delphia General Hospital, and Department 
of Medicine, University of Pennsylvania 
School of Medicine, Philadelphia, Pa.) 


Since a significant portion of the daily catabolism 
of serum albumin occurs in the gastrointestinal tract, 
a considerable loss may occur if the mucosa is dis- 
ordered or damaged. In cases of hypoproteinemia, if 
the reason is a protein-losing gastroenteropathy, a 
search should be made for the underlying treatable 
cause. 

The authors state that in the past 5 years, 10 cases 
of hypoalbuminemia from protein-losing enteropathy 
due to constrictive pericarditis were reported. They 
describe a similar case. The enteropathy was con- 
firmed by radioactive tracer studies and the mucosal 
changes were proven by peroral biopsy with the 
Crosby-Kugler capsule. After pericardiectomy the 
jejunal lymphangiectasia returned to normal. The 
serum albumin rose and the albumin disappearance 
rate became normal. 

This situation was first reported by Jiminez-Diaz 
and associates in 1960. When Plauth eż al. reviewed 
the Io reported cases, 8 were shown to have had peri- 
cardiectomy. In 1 of these the protein loss continued. 
This may have been due to continued increased 
pressure in the right atrium. 

Various theories have been postulated in these 
cases with some feeling that increased venous pres- 
sure may impede thoracic and intestinal lymph 
drainage and produce changes similar to "lym- 
phangiectasia." The rate of lymph flow has also 
been shown to be important. Other authors believe 
that lymphatic obstruction rather than increased 
production is the more important factor. Lymphatic 
hypoplasia may also be a contributing factor. 

Since more treatable cases of protein-losing en- 
teropathy are being found, the authors feel it im- 
perative to search out the cause when such a case 
is encountered. In their case, as in several others, 
pericardiectomy for constrictive pericarditis success- 
fully reversed the clinical picture. They point out 
that medical treatment of the underlying condition 
has reversed the protein-losing disorder in cases of 
sprue, Hodgkin's disease, gastric polyp, Whipple's 
disease and lymphosarcoma. Dietary restriction of 
long-chain triglycerides has yielded improvement in 
protein loss due to lymphatic hypoplasia.—George 
Kling, M.D. 


Ramirez, Renato F., Curb, CLYDE E., JACK- 
MAN, RAYMOND J. and Docxerry, MAL- 
comm B. Villous tumors of the lower part of 
the large bowel. 7.4.M.24., Nov. 22, 1965, 
I94, 863-867. (Address: Section of Publica- 
tions, Mayo Clinic, Rochester, Minn.) 
Villous tumors (villous adenomas) of the rectum 

have a bad reputation because they are highly prone 

to undergo malignant change (22-90 per cent) and 
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they have a great tendency to recur after local 
removal. 

The authors take issue with the approach of using 
these figures as an excuse for performing an abdomi- 
nal-perineal resection with permanent colostomy for a 
benigh villous tumor. 

Of 205 villous tumors, only 2 (1.0 per cent) showed 
superficial invasion of the muscularis propria by 
anaplastic cells. Their findings and those of others 
indicate that most recurrences are benign. A 7 per 
cent recurrence rate after local removal of a totally 
benign villous tumor does not constitute failure of 
therapy. 

All cases were subjected to proctosigmoidoscopic 
examination. The observation of characteristic 
fronds or villi on the surface of the tumor is the pri- 
mary method of diagnosis, since the fronds occasion- 
ally may not be evident histologically. The absence 
Of 3 criteria of invasive cancer—fixation, induration 
and ulceration—was used in the selection of cases for 
conservative (local removal) treatment. 

Multiple biopsies were taken and can be of diag- 
nostic help if properly done, but superficial speci- 
mens are inadequate and the results of their examina- 
tion unreliable. Biopsy specimens should be taken 
from the edge as well as the deep portions of the 
lesion. However, the authors feel that the clinical 
estimate is far more important than the microscopic 
findings. 

Conservative treatment (transanal local excision, 
fulguration, radium application, or a combination of 
same) was successful in 98 per cent of 194 cases. Wide 
removal or destruction of surrounding hyperplastic 
mucosa must be done for successful therapy. Exam- 
ination of surgical specimens from II patients 
treated by radical operation showed that conserva- 
tive treatment probably would have been adequate, 
since the lesions were confined to the mucosa.— 
Richard Pfister, M.D. 


Borr, Joser. Erfahrungen mit Bilivistan in 
der ambulanten Praxis. (Experience with 
bilivistan in an ambulatory practice.) Röntgen 
Blatier, May, 1965, 78, 199-202. (From: 
Rontgen-Institut der Allg. Ortskranken- 
kasse fiir den Stadtkreis Bielefeld, Ger- 
many.) 

Bilivistan (Schering) was used in 150 ambulatory 
patients and was found to give excellent visualization 
of the gallbladder and bile ducts. It is a sodium and 
methylglucamine saltof diglycol acid-bis-(3-carboxy- 
2,4,6-triiodo analid) and is better tolerated than 
biligrafin. In 82 per cent, no reaction was experi- 
enced; 8 per cent had a slight tendency to nausea and 
vomiting; IO per cent had a bitter taste, flushing, 
pruritus, or urticaria. No effect on the blood pressure 
was noted. 

'The usual precautions should be observed. Pa- 
tients with a history of sensitivity receive an injec- 
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tion of calcistin (a combination of calcium and anti- 
stin). A test dose is advisable for all patients with hay 
fever, asthma, eczema or sensitivity to medication. 
Absolute contraindications include hepatorenal syn- 
drome or poor general condition. 

Each 20 cc. ampule contains 5.5 gm. of iodine in a 
50 per cent water solution. 

For optimum visualization of the gallbladder and 
bile ducts, films are exposed 90-100 minutes after 
the injection; additional films are exposed 30-45 
minutes after a motor meal. In cholecystectomized 
patients, exposures are made 45 and 90 minutes after 
the injection.—7. Zausner, M.D. 


GEgonGE PnvLus, Youno, W. B., WALKER, 
J. G., and SHERLOCK, SHEILA. The value 
of percutaneous cholangiography. Brit. F. 
Surg., Oct., 1965, 52, 779-783. (From: De- 
partments of Surgery, Radiology, and Med- 
icine, Royal Free Hospital, London, Eng- 
land.) 


This article is the result of the authors’ experience 
in examining 137 patients in whom percutaneous 
cholangiography was performed. 

The indications for this type of investigation in- 
clude severe jaundice of more than 1 month duration, 
when it is impossible to distinguish between hepato- 
cellular disease and intrahepatic or extrahepatic 
obstruction of the main bile ducts. The method is also 
of value where jaundice, or attacks of cholangitis 
occur after any operation on the gallbladder, bile 
ducts or upper intestinal organs, or where there is a 
possibility of recurrent or residual stones or damage 
to part of the biliary tree. 

The technique of the examination described is one 
that is used by many radiologists in this country. 

The brief case histories of 7 patients and reproduc- 
tions of 8 roentgenograms are included in the article. 

The authors are of the opinion that percutaneous 
cholangiography is of value to the surgeon, even 
though the basic pathology is known. In this series of 
cases no serious complications were encountered.— 


Fohn H. Harris, M.D. 


GENITOURINARY SYSTEM 


Swick Moses. The discovery of intravenous 
urography: historical and developmental as- 
pects of the urographic media and their role 
in other diagnostic and therapeutic areas. 
The Fourth Ferdinand C. Valentine Mem- 
orial Lecture. Bull. New York Acad. Med., 
Feb., 1966, 42, 128—151. (Address: Consul- 
tant in Urology, The Mount Sinai Hospital, 
New York, N. Y.) 

The author gives a very interesting discussion on 
urography and its clinical application as related to 
the investigation of various radiopaque media. For 
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historic purposes he uses two separate periods in the 
development of these media, namely, that of the 
inorganic iodide radiopaque substances, adminis- 
tered cystoscopically, and the more recent one, that 
of the organically bound iodide compounds, adminis- 
tered intravenously, the latter being responsible for 
the development of excretion urography and other 
diagnostic fields in medicine. The author states that 
on this occasion he would limit himself to the present 
era, namely, to the development of the organically 
bound iodide compounds and their present role in 
urography. 

In 1923, Rowntree and his co-workers, administer- 
ing a IO per cent solution of sodium iodide intra- 
venously and also by mouth, reported the visualiza- 
tion of the urinary bladder and, in some cases, though 
faintly, the renal pelvis and ureter. Hryntschak, in 
1928, employed a series of bromine and iodine com- 
pounds identified only by numbers, some of which 
were aromatic in nature. Roseno, in 1928, used a 
double compound-sodium-iodide-urea. These com- 
pounds, as well as all others attempted, fell into dis- 
use because of reactions in some cases; in others, 
because of the extremely large dose required and the 
poor results. 

The author gives a detailed account of his experi- 
ence in 1928 under a Libman Fellowship and de- 
scribes his investigations with selectan-neutral; later 
he helped develop the uroselectan which was fol- 
lowed by the development of hippuran. Hippuran, a 
mono-iodobenzoic acid derivative, interestingly and 
importantly bears similarity to our present uro- 
graphic media, namely, urokon, hypaque, miokon, 
renografin, and conray. These are all tri-iodo-benzoic 
acid compounds, while hippuran, ás mentioned, is a 
mono-iodo-benzoic acid derivative. 

This is a fascinating article on the development of 
intravenous urography by the author who was one of 
the original investigators in this field.—C. Peter 
Truog, M.D. 


Benness, G. T., BULLEN, A., and BARKER, A. 
Double-dose urography—renal function test. 
7. Col. Radiol. Australasia, Oct., 1965, 9, 
234—245. (Erom: Department of Diagnostic 
Radiology, St. Vincent's Hospital, Sydney, 
Australia.) 


The modern intravenous contrast agents for 
pyelography are excreted primarily by glomerular 
filtration and concentrated by tubular resorption of 
water. Rete of excretion is proportional to plasma 
concentration. Increasing the administered dose, 
therefore, results in greater concentration of the con- 
trast material in the urine. The nephrographic effect 
and subsequent pyelograms are clearer. Abdominal 
compression may be avoided and more useful studies 
areobtained in patients with poor renal function. 

Hypaque 50 per cent was injected in doses of 20 
ml. per 7o pounds of body weight following a 12 hour 
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period of dehydration. Comparison was made be- 
tween the maximum urinary iodine concentration, 
plasma crea*inine concentration, endogenous creatin- 
ine clearance and blood urea nitrogen. In all age 
groups, normal patients with good to excellent pyelo- 
grams, as judged visually, had urinary iodine concen- 
tration in excess of 54 mg./ml. and plasma creatinine 
concentration within normal limits, 

A series of 200 consecutive cases included 89 pa- 
tients who were completely normal by all criteria. 
Twenty-six patients had gross unilateral renal disease 
and the majority of these had normal function tests 
unless the other kidney was also abnormal. Patients 
with hypertension, heart disease with reduction in 
cardiac output, pyelonephritis and other diffuse renal 
disease were: also evaluated. Correlation of the 
roentgen findings with urinary iodine concentration 
and other tests of renal function proved to be valu- 
able in assessment and management of these pa- 
tients.—David Corbett, M.D. 


VaLLEBONA, D. Tomografia ed urografia. 
(Tomography and urography.) Radiol. med., 
Sept., 1965, 57, 969-980. (From: Istituto di 
Radiologia dell'Università di Genova, Gen- 
ova, Italy.) 


After a careful review of the history of the proced- 
ure, the author considers its importance in diagnosis 
of lesions of the renal collecting system, parenchyma 
and sinus. His conclusions are based on a study of 
2,000 cases. 

His technique, which parallels that of Evans, is of 
interest. After having tested the patient for allergy, 
he injects a first dose of 50 per cent hypaque intra- 
venously. Five minutes later, a conventional urogram 
is Obtained. The second injection is made after ; 
minutes, 50 cc. of 90 per cent hypaque together with 
5 cc. of 20 per cent decholin being injected rapidly. 
The purpose of the dehydrocholic acid is to deter- 
mine the circulation time. The tongue and the kidney 
are approximately at the same distance from the arm. 
When the patient is aware of the bitter taste of the 
decholin, in about 11 seconds, the exposures are 
made. The best nephrogram is obtained after 2 or 3 
seconds. The remainder of the exposures is flashed at 
60 to go second intervals. 

A first consideration is that although many authors 
have agreed on the importance of nephrotomog- 
raphy, few have recognized its significance in the 
study of the renal sinus. 

The usefulness of the combined study by urog- 
raphy and tomography is based on the following 
criteria: (1) definition of the outer surface of the 
kidney; (2) evaluation of the renal sinus and of the 
true thickness of the renal parenchyma; (3) a de- 
tailed study of the parenchyma in the nephrographic 
phase. 

(1) The visualization of the kidney outline per- 
mits the diagnosis of: (a) generalized enlargement 
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(hypertrophy, hydronephrosis); (b) partial enlarge- 
ment (tumors, cysts); (c) reduction in volume (renal 
atrophy). 

(2) The detailed study of the renal sinus is of 
great aid in the diagnosis of diseases that modify the 
internal conformation of the kidney: (a) an increase 
of the adipose tissue (obesity); (b) atrophy of the 
parenchyma; (c) a disappearance of the adipose tis- 
sue because of invasion of the sinus (neoplasm). 

(3) Differentiation of parenchymal tumors from 
cysts is possible in the nephrographic phase.— 
Anthony A. Blasi, M.D. 


Leeming, W. A. A controlled study of conray 
60 (methyl glucamine iothalamate) as a 
pyelographic agent compared against hy- 
paque 50 (sodium diatrizoate). F. Coll. 
Radiol. Australasia, Oct., 1965, 9, 246-251. 
(From: Auckland Hospital, Auckland, New 
Zealand.) 


This study was conducted to assess the efficiency 
and safety of methyl glucamine iothalamate (conray 
60). The drug was compared with sodium diatrizoate 
(hypaque 50) in a double blind study on grt routine 
intravenous pyelograms. 

Conray 60 is twice as viscous as hypaque 5o, but 
both viscosity values are low and rapid injection is 
possible with either preparation. Conray 60 has a 
higher water solubility and is less likely to crystallize 
atlow temperatures. Neither agent had a significant 
effect on blood pressure or pulse rate. 

Side reactions were minimal and included one 
episode of emesis with each drug, nausea, flushing and 
a metallic taste. These responses were half as fre- 
quent with conray 60 as with hypaque so. No sig- 
nificant difference in the diagnostic quality of the 
pyelograms was evident.—Daoid Corbett, M.D. 


STEINESS, I. Hypertension due to renal artery 
obstruction in Eskimo girl: case of primary 
arteritis of aorta. Brit, M. T., Nov. 27, 1965, 
2, 1291-1292. (From: Medical Department 
A, Rigshospitalet, Copenhagen, Denmark.) 


A case report is presented of primary arteritis in- 


volving the aorta and left renal artery in a 17 year - 


old girl. 

Entering diagnosis was chronic glomerulonephritis 
and hypertension with a history dating back to age 
II. Study seemed to exclude chronic glomerulo- 
nephritis, collagen disease, or generalized vascular 
disorder. Pyelography showed irregularities in the 
outline of the left ureter. Aortogram revealed irregu- 
larity in contour of the aorta, numerous left ureteric 
collateral vessels, and retrograde filling of a thin left 
renal artery. Split renal function tests indicated 
ischemia of the left kidney. 

Surgical specimen of the left kidney and renal 
artery showed arteritis of the renal artery with 
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occlusion. Right renal biopsy showed the arteriolar 
tissue to be thickened and eosinophilic. 

The patient expired 1 year after surgery due to 
cerebral hemorrhage without relief of the hyperten- 
sion, probably due to the changes in the arterioles of 
the right kidney secondary to the hypertension. 

Itis again pointed out that primary arteritis of the 
aorta probably is a clinicopathologic entity and that 
one of its manifestations is Takayashu's syndrome. 
There may be associated “rheumatic” disease.— 
George A. Miller, M.D. 


Di GucrLiELMO, L., Batprioui, V., and 
Marey, A. Moderni aspetti dell'angio- 
grafia renale. (Modern aspects of renal 
angiography.) Radicl. med., Sept., 1965, 57, 
945—959. (From: Istituto di Radiologia and 
Istituto di Patologia Medica dell'Università 
di Pavia, Pavia, Italy.) 


The authors present a number of cases studied by 
translumbar aortography, aortography by means of 
catheterization of the brachial artery, and selective 
transfemoral renal arteriography. 

They offer an exhaustive review of the study of the 
renal circulation by other investigators. 

It 1s concluded that aortography is a valuable 
method and has many indications. Renal angiog- 
raphy demonstrates the segmental structure of the 
kidney. 

The direct visualization of the morphologic 
changes and of the pharmacologic effects 1s of ines- 
timable value. 

In 3 cases the authors injected 5 micrograms of 
adrenalin and observed an intense spasm at the level 
of the bifurcation of the renal artery which was 
modified by novocaine. 

There are many disease entities in which an accur- 
ate diagnosis is feasible only through angiography. 
The method is also of great importance in establish- 
ing prognosis and indications for therapy.—/fniAony 
A, Blasi, M.D. | 


BuNNELL, I. L., and GREENE, D. G. Rewards 
and hazards of selective renal arteriography. 
J.4.M.4., Dec. 13, 1965, 794, 1177-1180. 
(Address: Dr. Bunnell, roo High Street, 
Buffalo, N. Y.) 


Selective renal arteriography is a useful technique 
in the study of patients wizh hypertension. The per- 
cutaneous method of Odman, with direction of a pre- 
formed catheter into each renal artery under fluoro- 
scopic control, was employed by the authors in 
examination of 127 patients with high blood pressure. 
Selective catheterization was successful in 88 per 
cent of patients with failures due to pelvic arterial 
disease. Low pressure injections of meglumine 
diatrizoate disclosed 32 patients with occlusive 
lesions of the renal artery, 28 of which were uni- 
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lateral. Twelve patients had subsequent nephrec- 
tomy or plastic reconstructive renal artery surgery. 
Seven were cured and 3 showed significant improve- 
ment. Only 1 of the 20 patients treated medically has 
shown any improvement. 

The complication rate was quite low compared to 
other series with no mortality and 6 per cent morbid- 
ity. The complications included 1 dissection of the 
wall of the common femoral artery, 2 femoral hema- 
tomas and 3 small peripheral emboli. No permanent 
disability resulted in any instance. Renal function 
studies, including glomerular filtration rate and renal 
plasma flow, were unaltered by the procedure. 

Diagnostic clarity is excellent, particularly since 
the confusing vascular shadows of the standard 
aortogram are absent. Greater detail of the fine renal 
vasculature is achieved, so that disease affecting 
minor branches may be appreciated. —David Corbett, 
M.D. 


FicvuEROA, Juni0 E., RopRíGUEZ-ANTÓNEZ, 
ANTONIO, NAKAMOTO, SATORU, and Korrr, 
WiLLEM J. The scintigram after renal trans- 
plantation in man. New England 7. Med., 
Dec. 23, 1965, 273, 1406-1410, (From: De- 
partment of Artificial Organs and Depart- 
ment of Radiation Therapy and Isotopes, 
Cleveland Clinic Foundation, Cleveland, 
Ohio.) 


One of the principal uses of Hadiomercary labeled 
chlormerodrin scanning of the kidneys is to show 
renal tubular function in pictorial form. 

The authors have employed this scan test to evalu- 
ate the function and viability of 32 renal allografts, 
27 of which wereobtained from cadaver donors. 

As might be expected, the method is helpful in 
evaluating the prognosis for the transplanted kidney. 
Failure of any of the tracer to localize within the 
renal substance suggests interference with perfusion 
due to vascular thrombosis. Impairment of tubular 
function in all, or a part, of the graft will be visual- 
ized as defects due to diminished counting rates in 
the affected areas. 

The test is a useful one to add to those currently 
employed to study the fate of transplanted kidneys. 
— Frederick F. Bonte, M.D. 


ScHIAVETTI, E. La diagnosi radiologica del 
tumore di Wilms. (The radiologic diagnosis 
of Wilms’ tumor.) nn. radiol. diag., 1965, 
39, 107-164. (From: Ospedale dei Bambini di 
Milano, Milano, Italy.) 


The author offers a study of 23 cases of Wilms’ 
tumor, of which 18 were confirmed operatively; the 
others, although not treated surgically, presented a 
typical clinical and radiologic picture. 

The diagnosis of Wilms’ tumor for the most part is 
not beset with difficulties. With relatively simple 
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investigative procedures such as urography and 
pneumoretroperitoneum one may obtain sufficient 
data as to the site of origin, the progression and the 
nature of the abnormal tumefaction. 

Urography is to be considered the principal diag- 
nostic means. There are early cases in which this 
method is inadequate. 

There are two main causes that may compromise 
the diagnosis in limited tumoral forms. One is due to 
the difficulty of obtaining well-detailed roentgeno- 
grams in infants. The other is that in some instances, 
although the tumor is of fair size, it does not produce 
appreciable changes in the renal pelvis. 

The author believes that retrograde pyelography 
should only be performed if necessary for diagnostic 
or therapeutic considerations. 

The differential diagnosis between Wilms’ tumor 
and renal cyst may be difficult to establish. Aortog- 
raphy, permitting a study of the renal vasculariza- 
tion will give some information. One must consider 
that this method is not devoid of risks and must be 
employed judiciously. 

An important problem is the differentiation of 
renal and extrarenal retroperitoneal tumors. Rarely, 
sympathicoblastomas may invade the renal paren- 
chyma and make the correct diagnosis unattainable. 
—Anthony A. Blasi, M.D. 


NERVOUS SYSTEM 


ANDERSSON, Huco, and Sututvan, Lars. 
Diastematomyelia: report of two cases sub- 
mitted to laminectomy. Acta orthop. scan- 
dinat., 1965, 36, 257—264. (From: Neurosur- 
gical Clinic, University of Gothenburg, 
Sweden.) 


The authors report 2 cases of diastematomyelia 
and give a short review of the main features and 
treatment of the condition which is a rare congenital 
anomaly associated with spina bifida. 

Diastematomyelia represents a bifid state of the 
spinal cord. The cord may be split by bony or fibrous 
tissue that extends from the vertebral body toward 
the lamina in a sagittal direction or a similarly local- 
ized area may be divided longitudinally without 
associated interposed tissue. In the former situation 
the two parts of the cord have a dual sheath of their 
own. In the latter situation aberrant tissue or even 
neoplasm may rarely interpose. 

A distinction is made between diplomyelia and 
diastematomyelia. The former means complete 
doubling of the spinal cord in a localized sector, 
whereas the latter is splitting or division of the 
spinal cord. Many authors, however, do use the 
terms synonymously. 

Although the majority of cases with diastema- 
tomyelia manifest no clinical signs, some cases do 
present with neurologic deficits in the lower limbs, 
bladder and bowel apparently secondary to preven- 


276 


tion of the normal ascent of the spinal cord within 
the vertebral column as well as lateral pressure from 
the splitting structure. It is pointed out that the 
clinical signs are nonspecific for diastematomyelia 
since they may also occur in different types of spinal 
dysraphism, either alone or combined with diastema- 
tomyelia. The earliest and most frequent manifesta- 
tion is usually retarded unilateral growth of one leg 
or foot often combined with a varus deformity. 
Sensory loss, trophic ulceration and functional dis- 
ability of the bowel and bladder may also occur. 

A radiologic investigation of the spine is indicated 
when there are clinical signs of spinal dysraphism. 
Plain roentgenograms in cases with diastemato- 
myelia demonstrate widening of the spinal canal 
corresponding to the cleft bulbous widened cord and 
the extent of the spina bifida and sometimes addi- 
tional anomalies like hemi- and fused vertebrae. The 
diagnosis is definite if a sagittally directed bone sep- 
tum is present, In cases with no interposition or with 
a fibrous septum not sufficiently calcified to show on 
plain roentgenograms, myelography is needed for the 
diagnosis. In addition, this modality gives informa- 
tion as to the site and extent of the anomaly. Gas 
myelography is preferred to positive contrast my- 
elography. This is because it provides the most 
accurate anatomic delineation of the entire anomaly 
and it does not include the risk of arachnoiditis. The 
gas is quickly and totally absorbed. 

The authors point out that cases with diastema- 
tomyelia and neurologic signs of spinal dysraphism 
require surgical correction of the anomaly. An early 
intervention is recommended since the neurologic 
deficits are progressive and there is increasing risk of 
irreversible damage to the cord. There has been some 
degree of improvement in approximately two-thirds 
of patients operated.—Lionel C. Young, M.D. 


SKELETAL SYSTEM 


WissiNGER, H. Anprew, McCuiain, EDWARD 
J., and Boyes, Joseru H. Turret exostosis: 
ossifying hematoma of the phalanges. 7. 
Bone &8 Joint Surg., Jan., 1966, 48-4, 105- 
110. (Address: Dr. Wissinger, 128 North 
Craig Street, Pittsburgh, Pa.) 


Following relatively minor lacerations to the dor- 
sum of the fingers, a bony mass may develop at the 
site of injury, which is hard, immobile, occasionally 
tender, and always severely limits flexion of the 
involved finger. Serial roentgenograms reveal initial 
soft tissue injury with progressive periosteal reac- 
tion, which, 4 to 6 months following injury, can be 
seen as a clearly delineated bony exostosis. 

Pathogenesis is believed to be an initial small 
periosteal defect with development of a subperios- 
teal hematoma, which cannot drain owing to the 
small size of the initial wound. As the intact perios- 
teum overlying the hematoma is only minimally 
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injured, and its osteogenic properties remain, gradual 
ossification of the hematoma occurs. 

The corrective surgical procedure is described. It 
is stressed that excision should not be performed 
prior to 4 to 6 months following injury, when the 
exostosis is mature, and has distinct margins, with- 
out fragmentation. Premature excision invites re- 
currence, Of 8 patients with adequate follow-up, 5 had 
full return of motion and 3 were improved. All pa- 
tients had relief of pain.—Mark D. Reiss, M.D. 


Fock, G., and Sutamaa, M. Congenital short 
femur. Acta orthop. scandinav., 1965, 30, 
294—300. (From: Children’s Clinic, Univer- 
sity Central Hospital, Helsinki, Finland.) 


The authors report 12 cases of congenital unilateral 
hypoplasia of the femur. The cases are divided into 3 
main groupson the basisof the degree of involvement 
and shape of the femur. There were 6 cases which 
showed only hypoplasia with the shape of the femur 
essentially normal. There were 3 cases of hypoplasia 
in association with coxa vara deformity and there 
were 3 cases with a partial absence of the upper end 
of the femur or a “pseudoarthrosis” in that area. 

The aim of the study of these cases was to investi- 
gate the growth capacity of a congenitally short 
femur and to evaluate the effect of treatment on 
growth. In some of the cases other typical "thalido- 
mide" deformities (¢.g., aplasia of the ulna on one 
side) were also present. 

The authors measured shortening of the femur on 
the roentgenogram as a percentage of the length of 
the healthy femur. In the hypoplasia group at the 
beginning of treatment the shortening of the femur 
varied from 80 to 94 per cent. In the varus-shaped 
femurs the range was 62 to 77 per cent. In the group 
with a deficit of the upper end of the femur the per- 
centage shortening was even greater except in I case. 
The follow-up period, counted from the initiation of 
treatment, ranged from 12 to 74 months. In all cases 
growth led to an increase in the absolute difference in 
length as compared with the contralateral femur, 
even though the relative difference either remained 
as beforeor changed for the better. 

Method of treatment involved osteotomy for the 
varus deformity and one case showed improvement 
with transplantation of bone and epiphyseal cartil- 
age to the upper femur. Detachment of periosteum 
and introduction of steel screws was used in the 
majority of cases but this was not shown to cause any 
significant stimulation of growth. When the length 
difference was not marked, the method of correction 
resorted to was an orthopedic shoe. 

In the authors’ opinion there is no indication to 
perform amputation in early childhood in these 
cases.—Ltonel W. Young, M.D. 


Coe, AnTHUR R. C. Mastocytosis: report of a 
case in a 154-week-old infant with cutaneous 
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and generalized skeletal changes. Arch. Dis. 
Childhood, Dec., 1965, 40, 677-683. (From: 
The Princess Margaret Hospital, and Hos- 
pital for Sick Children, Toronto, Ontario, 
Canada.) 


A case of a 4 month old infant with cutaneous and 
generaltzed skeletal mastocytosis is reported. 

Patents with mastocytosis present with cutane- 
ous, systemic or skeletal changes. The disease is 
encountered most frequently in infants and young 
children. The prognosis is good and a spontaneous 
recovery usually occurs between 6 to 10 years of age. 

The cutaneous rash consists of red, pink, brown, 
and melanotic discolorations. 

Systemically, spontaneous histamine shock and 
gastroenteric symptoms occur. 

Generalized or local roentgenographic skeletal 
changes are common. Generalized cystic osteoporosis 
of the ribs with thickening of the bone trabeculae, 
stippling of the bone structures of the skull, thicken- 
ing of the skull tables and osteosclerosis of the pelvic 
bones and vertebrae comprise the generalized roent- 
genographic changes. Locally, calcified and decalci- 
fied areas are seen in the humerus, radius, femur, 


skull, clavicle and scapula.—7oAn H. Harris, M.D. 


ZAMPA, Gran Á., and ZUCCHELLI, Prerro C. 
Pseudohvpoparathyroidism and bone de- 
mineralization: case report and metabolic 
studies. 7. Clin. Endocrinol. C9 Metabol., 
Dec., 1965, 25, 1616-1624. (From: Endocrine 
Clinic, Institute of Medical Pathology, Uni- 
versity of Bologna, S. Orsola Hospital, 
Bologna, Italy.) 

An 8 year old white boy with the full-blown picture 
of pseudohypoparathyroidism associated with radio- 
logic evidence of bone demineralization and in- 
creased serum alkaline phosphatase is reported. 

The unusual finding of bone demineralization has 
been described in about 25 per cent of confirmed 
cases of pseudohypoparathyroidism. 

Metabolic studies were performed and their sig- 
nificance is discussed. 

The authors postulate that an excess of parathy- 
roid hormone is present in these cases and, in addi- 
tion, a defect in the renal tubular response to para- 
thyroid hormone may be assumed.—ohn H. Harris, 
M.D. 


BÉnaup, Cr, Picard, Y., and Picarp, D. 
Granulome  éosinophile vertébral chez 
l'enfant (évolution radiologique). (Vertebral 
eosinophilic granuloma in the child [radio- 
logic evolution]. 7. de radtol., d Hectrol. et 
de méd. nucléaire, Oct., 1965; 46, 637—640. 
(From: Service d'Electroradiologie de l'Hópi- 
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tal Debrousse, Chemin Saint-Irénée, Lyon, 
France.) 


A number of interesting elements were met in a 
case of vertebral eosinophilic granuloma: onset with 
abdominal and vertebral pain in the absence, initi- 
ally, of any roentgenologic findings; the appearance 
of paraplegia with sphincteral disorders; develop- 
ment of a lacunar lesion of the 12th dorsal vertebra 
with a small paravertebral spindle; the secondary 
discovery of a costal lesion; and finally the dramatic 
influence of roentgen therapy (go rX 12). 

The spinal lesion became stabilized in the pattern 
known as Calvé’s vertebra plana.—Frank A. Riedel, 
M.D. 


Prccorr, Harry. Radiological prediction of 
avascular necrosis in femoral neck fractures. 
Brit F. Surg, Sept, 1965, 52, 675—678. 
(From: Royal Orthopaedic Hospital, Bir- 
mingham, England.) 


Avascular necrosis of the femoral head can be a 
significant complication of femoral neck fractures. 
Consideration of the anatomy of the intracapsular 
part of the femur and its vessels suggests that it 
should be possible to know, from certain roent- 
genographic features of the fracture, when this ex- 
treme degree of vascular damage has occurred. 

The vessels concerned are the lateral and medial 
epiphysial and the inferior metaphysial. Survival of 
the important superolateral weight-bearing area 
depends principally on the integrity of the lateral 
epiphysial vessels. Although the portions of the 
vessels extending along the posterosuperior aspect of 
the femoral neck are quite mobile, this mobility 
ceases as the vessels enter the bone through the 
vascular foramina. Should a fracture extend through 
the bone and foramina, injury of the vessels in this 
location seems inevitable. Thus, if the relationship of 
the fracture to the lateral epiphysial foramina can be 
determined, it should be possible to select cases in 
which the incidence of avascular necrosis will ap- 
proach 100 per cent. The foramina cannot be seen 
roentgenographically but one landmark can easily 
and invariably be identified on a lateral roentgeno- 
gram after reduction of the fracture. This is the 
junction of the head and neck posteriorly, where the 
limit of the articular surface 1s marked by an abrupt 
change in outline from convex to straight or concave. 
Inspection of the upper aspect of the femoral neck 
will show that a line drawn transversely across the 
bones from this point passes through the area oc- 
cupied by the lateral epiphysial foramina. 

It is important to realize that the relationship of 
the fracture to the transverse subcapital line and thus 
to the foramina can be seen on only good quality 
roentgenograms made after reduction. 

Avascular necrosis seems to be probable in frac- 
tures in which: (1) the initial anteroposterior roent- 
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genogram shows external rotation and upward dis- 
placement sufficient to indicate that cortical con- 
tinuity is completely disrupted; and (2) the postre- 
duction lateral roentgenogram shows the fracture on, 
or proximal to, the transverse subcapital line. 

In a series of cases studied the incidence of avascu- 
lar necrosis in displaced transforaminal fractures was 
88 per cent and Smith-Peterson nailing was fore- 
doomed to failure, In a series of £7 subcapital frac- 
tures those exhibiting a fracture through the trans- 
foraminal region accounted for 80 per cent of all cases 
of avascular necrosis. 

Preoperative reduction and a good quality lateral 
roentgenogram to localize the site of the subcapital 
fracture as described above may be of value in 
predicting cases where avascular necrosis is inevit- 
able. Appropriate modification of surgery with sub- 
stitution of the femoral neck with an appropriate 
prosthesis would then be indicated.—Davi4 Morse, 
M.D. 


Kučera, J., Lenz, W., and Mater, W. Mal- 
formations of the lower limbs and the caudal 
part of the spinal column in children of 
diabetic mothers. German Med. Monthly, 
Oct., 1965, 70, 393-396. (From: Institute for 
the Mother and Child, Prague, Czecho- 
slovakia, the Institute of Human Genetics, 
University of Hamburg and the Surgical and 
Orthopaedic Department of the Paediatric 
Clinic, University of Munich, Germany.) 


The relationship between maternal diabetes and 
congenital malformations has not been fully ex- 
plained. However, among children of diabetic 
mothers a group of malformations occurs with par- 
ticular frequency. 

'These malformations constitute a syndrome which 
is characterized by the absence or underdevelopment 
of the caudal vertebral column and femora. This may 
be combined with malformations of various organs 
as well as with polydactyly and syndactyly of the 
toes. 

At present an exact definition of the syndrome is 
impossible and the precise pathogenic agent is un- 
certain. The correlation of the syndrome of caudal 
regression with diabetes does not imply that it is 
caused by the diabetes or its treatment. The actual 
deformities may be produced by lesions affecting the 
developing blood vessels. Such lesions are common in 
diabetes but also occur in other conditions.—David 
Morse, M.D. 


LinscHEID, | RoNaipD L., and WHEELER, 
Donain K. Elbow dislocations. 7.41.M.4f., 
Dec. 13, 1965, 294, 1171-1176. (Address: 
Section of Publications, Mayo Clinic, Roch- 
ester, Minn.) 

A statistical analysis is presented of 110 elbow 
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dislocations where the dislocation was considered the 
primary injury. Sixty-four per cent of the cases re- 
ceived their entire care at the Mayo Clinic. Cases 
were excluded where significant interruption of the 
ulnar articular surface occurred. Two anterior and 
108 posterior dislocations were seen. 

Rupture of the collateral ligaments commonly 
occurred with dislocation associated with late hetero. 
topic bone formation in the ligaments. Common 
accessory fractures involved the epicondyles and 
radial head. Fourteen patients received associated 
injuries, of which 9 occurred at the wrist. The ulnar 
nerve was injured approximately 3 times more com- 
monly than the median nerve. Arterial injuries were 
found in 6 dislocations, All arterial injuries were 
associated with persistent neurologic findings. Poorer 
results in treatment were found in those patients 
with more serious initial injuries and complications. 
Ninety-eight patients had sufficient follow-up data; 
the results were considered excellent in 40, good in 
29, fair in 22, and poor in 7.—George A. Miller, M.D. 


KERNWEIN, GRAHAM A. Roentgenographic 
diagnosis of shoulder dysfunction. 7.4.M.24., 
Dec. 6, 1965, ro4, 1081-1085. (Address: 
Suite 601, Gas and Electric Building, Rock- 
ford, Ill.) 


The author compared conventional roentgeno- 
grams with 200 arthrographic studies of the gleno- 
humeral joint in order to establish a connection be- 
tween certain commonly seen degenerative changes 
and pathologic changes in the rotator cuff. 

Cystic changes within the tuberosities of the 
humerus are discussed first. It is stated that these 
result from disuse atrophy of bone trabeculae in the 
presence of a torn rotator cuff. Cystic changes were 
found in 26.6 per cent of shoulders with arthrogra- 
phic evidence of an incomplete tear of the rotator 
cuff, and in 54.6 per cent of those exhibiting a com- 
plete tear. The author believes that when cystic 
changes are seen in the tuberosities, there is over a 
70 per cent probability that an associated attritional 
change exists within the rotator cuff. 

Another degenerative change that was studied 
was erosion of the tuberosities of the humerus. This 
was found to be due to friction between the tubero- 
sities and the undersurface of the coraco-acromial 
arch during abduction and external rotation. In 
time, changes in the acromion occur, such as hyper- 
trophy and peripheral spur formation. This can 
progress to complete disappearance of the rotator 
cuff and associated soft tissue structures. 

Degenerative changes in the acromioclavicular 
joint also appear to be due to rupture or evulsion of 
the rotator cuff. In this study, 85 per cent of patients 
with degenerative changes of the acromioclavicular 
joint presented with arthrographic evidence of 
either an incomplete or complete tear of rotator cuff. 

It was also found that roughening and over- 
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growth of bone on the inferior surface of the glenoid 
fossa was due either to degenerative change or at- 
tritional change within the rotator cuff. In 92 per 
cent of those patients with degenerative changes of 
the humeral head, a lesion of the rotator cuff was 
demonstrated on the arthrogram. 

Asymptomatic calcifications of the rotator cuff 
occur in areas of degeneration. These calcific masses 
can rupture spontaneously and produce incomplete 
or complete tears of the rotator cuff. This appears to 
be an important precursor of attritional rotator cuff 
lesions. 

The author concludes that any four of these de- 
generative changes indicate a 9o per cent probability 
that arthrographic study will reveal a ruptured rota- 
tor cuff.— Kenneth M. Nowicki, M.D. 


Rosinson, Ricuarp G. Massive protrusions 
of lumbar disks. Brit. F. Surg., Nov., 1965, 
52, 858-865. (From: Neurosurgical Unit, 
Dunedin Hospital, and Department of Sur- 
gery, University of Otago, Dunedin, New 
Zealand.) 


Five hundred surgically verified lumbar disk 
lesions were analyzed as to sex, age, and type of 
lesion. Fifty-two of these cases demonstrated com- 
plete or subtotal block of the subarachnoid space on 
myelography. Of these 52 cases, 17 demonstrated 
cauda equina compression syndrome. Subtotal 
block was considered when the subarachnoid space 
was reduced in volume to that of the contained roots 
of the cauda equina. The total series demonstrated 
that more males than females are affected, and the 
peak age incidence was between 31 and 40. In the 52 
patients with massive disk protrusions, the incidence 
of male patients was even higher, and the age group 
tended to be older. In massive disk protrusions, the 
most common disk space was the 4th lumbar. Of the 
3rd lumbar disk herniations, nearly a third were 
massive in type. Myelographically, the 4th and sth 
lumbar levels demonstrated total and subtotal 
blocks in equal frequency. However, all of the blocks 
at the 3rd lumbar disk space were complete. In the 
group of patients with cauda equina compression, all 
but 1 had complete blocks on myelographic examina- 
tion. 

Clinically, the cerebrospinal fluid protein was the 
only differentiating finding between a total block 
case and a subtotal one before myelography was per- 
formed. In this group, all the symptoms were uni- 
lateral. In most of the cases of cauda equina com- 
pression previous attacks of backache and sciatica 
were present. The cauda equina syndrome itself 
usually came on within a few hours, and rarely, more 
than 2 days. The importance of myelography in 
evaluating cauda equina syndrome is stressed due 
to close similarity clinically between disk syn- 
dromes and transverse myelitis—fohn Hodak, 
M.D. 
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Jones, Joun PauL, JR., and Sakovicg, Leo. 
Fat embolism of bone: a roentgenographic 
and histological investigation, with use of 
intra-arterial lipiodol, in rabbits. 7. Bone & 
Joint Surg. Jan., 1966, 45-4, 149-164. 
(From: Department of Orthopaedic Surgery 
and the Rheumatic Disease Group, De- 
partment of Medicine, University of Cali- 
fornia School of Medicine, San Francisco 
Calif.) 


A catheter was passed retrograde into the aorta of 
26 rabbits and an average of 1.3 ml. of lipiodol in- 
fused. The right femur and tibia were examined 
roentgenographically and histologically at intervals 
varying from o minutes to 10 weeks following infu- 
sion. 

Lipiodol emboli were demonstrated histologically 
up to 5 weeks, although essentially no emboli were 
seen roentgenographically after 7$ days. For the 
first 24 hours most of the lipiodol emboli were pre- 
dominantly confined to metaphyseal and marrow 
vessels. Within the next 10 days the number and 
size of intravascular emboli decreased in the meta- 
physeal regons and increased in the subchondral 
bone. 

The authors speculate on the possible role of sys- 
temic fat embolism in the production of avascular 
necrosis of bone.—Mark D. Reiss, M.D. 


BLoop AND LYMPH SYSTEM 


RUGGIERO, GIOVANNI. Evolution de la: tech- 
nique de l'angiographie cérébrale. (The 
evolution of cerebral angiographic tech- 
nique.) ¥. de radtol., d électrol. et de méd. 
nucléaire, Oct., 1965, 46, 595~606. (From: 
Service de Neuroradiologie, Hôpital Mag- 
giore, Bologna, Italy.) 


The cerebral arteries should be injected with 
selectivity as befits the case, reports the author. 

'Thus the common carotid artery is injected when 
there is presumptively an extracranial vascular 
accident. 

There are rare but indispensable requirements 
when the external carotid artery only is to be filled; 
for instance, meningiomas of the tentorium or falx 
are sometimes demonstrable in this way only, or the 
exact site of origin of other meningiomas may be 
best determined by this approach. 

Extradural and subdural hemorrhages may be 
differentiated according to the success of visualizing 
individual meningeal arteries; in arteriovenous 
fistulas prognosis is affected by the degree the ex- 
ternal branches contribute to the circulation. 

The internal (rather than the common) carotid 
artery should be injected when the brain supplied 
by it is to be studied, both to avoid confusion from 
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external branches and because there is a higher prob- 
ability of filling the posterior cerebral artery. 

In vertebral angiography it is frequently advisable 
to do bilateral studies, for the posterior inferior cere- 
bellar artery is not usually filled by a contralateral 
injection, as it originates from the vertebral artery. 
Incidentally, in vertebral angiographic studies a 
strict anteroposterior view is preferable to a semi- 
axial one. 

In biplane studies the author prefers simultaneous 
exposures to the slightly alternated ones, which 
some workers favor to avoid secondary radiation. 
Preliminary roentgenograms are made in the in- 
terest of precision, and subtraction techniques have 
been employed in 250 cases. 

Repeated angiography is favored whenever there 
is need, since pathology frequently is uncovered at a 
later date, after cerebrovascular spasm has been 
relieved. 

In each angiography case an accurate operative 
record is kept, listing the surgeon, assistants, tech- 
nicians, the arteries injected and the type and 
amount of contrast material used, with chronologic 
description of the progress and reactions.— rank A. 
Riebel, M.D. 


Eke, M., and Lupis, H. Drainage der unteren 
Kórperhálfte bei Avenesie und erworbenem 
Verschluss der Vena cava caudalis. (Drain- 
age in the lower half of the body in agenesis 
and acquired occlusion of the inferior vena 
cava.) Fortschr. a. d. Geb. d. Rontgenstrahlen 
u. d. Nuklearmedizin, Dec., 1965, 703, 665~ 
674. (Address: Univ.-Institut für. Róntgen- 
diagnostik und Strahlentherapie, Bürger. 
spital, Basel/Switzerland.) 


Congenital anomalies of the inferior vena cava 
are less common than those of the superior vena 
The former are associated with various cardiac 
defects in 0.3-0.6 per cent of the cases. The crucial 
dev elopmental period is during the 3rd-8th week of 
fetal life. With closure of the superior and inferior 
vena cava or occlusion of the azygos system, deep 
and superficial venous collaterals are developed to 
merge with the portal system or unite with mesen- 
teric and thoracic or subclavian venous channels. 
After acquired occlusion of the inferior vena cava, 
drainage of the lower half of the bodv occurs through 
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dilatation of 3 venous channels: azygos, portal and 
subclavian systems. 

Five patients had angiographic studies with the 
E 2 


T a vena cava at E Web Pls Bet eb 
segments. The renal veins emtied into a persistent 
supracardinal stem; the hepatic veins emptied di- 
rectly into. the right atrium; an atrioventricular 
septal defect with a left-to- Hehe shunt was present. 
Venous drainage from the lower half of the body 
occurred through a dilated azygos system. 

(2) A 2 year old girl had situs inversus visceralis 
totalis, aplasia of the inferior vena cava, a persistent 
left superior vena cava and a truncus arteriosus or 
variant of a tetralogy of l'allot. Venous blood from 
the lower half of the body emptied into a right and 
left superior vena cava, which EBEN into the right 
atrium, Hepatic veins were filled in retrograde 
fashion from the right atrium. Pulmonary arteries 
were not present so that the lungs were supplied by 
bronchial arteries arising from the common trunk. 

(3 A 56 year old woman had a postpartum 
thrombophlebit IS 24 years prior to this study; nu- 
merous varicose veins were distributed over the 
lower extremities and abdomen, Angiography showed 
very small iliac veins and stenosis of the inferior vena 
cava; dilatation of a presacral hemorrhoidal plexus; 
di lated pre- and paralumbar veins united with the 
azygos system and the superior vena cava; dilated 
inferior mesenteric and tortuous ileocolic vessels 
emptied into the portal system, hepatic veins and 
thence into the right atrium; extensive collaterals 
of the abdominal and thoracic wall emptied into the 
Ages and subclavian veins. 

(4) A 27 year old male had had a nephrectomy 
following a serious abdominal wound; the inferior 
vena cava was sutured. Angiographic studies were 
similar to Case 3. 

(5) A 47 year old man had nephrectomy for 
carcinoma. The venous flow was similar to the 
previous patient, 

The authors estimate that it takes about 1-3 
weeks for a collateral circulation to be established 
for adequate drainage of the lower half of the bodv in 

cases of acquired occlusion of the inferior vena cava. 
The caliber of the venous channels varies directly 
with the amount of back pressure on the individual 
systems.—J. Zausner, M.D. 
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International Journal for Basic and Clinical Studies on 
Neuroendocrine Relationships 


Neureendocrinology has gained recognition as a field of 
research in its own right only in recent years, but it is a 
rapidly expanding field which promises a bright future. 
Articles on neuroendocrine subjects have up to now been 
spread over a wide variety of journals, and it is hoped that 
this new journal, which will publish original and brief 
review papers on experimental and clinical studies on 
neuroendocrine relationships, will serve to keep clinicians 
and research workers informed on latest developments in 
this field without the task of searching for relevant articles 
through many publications on other topics. Indeed, this 
very diversity of interests, techniques and subject matter 
in the held of neuroendocrinology is precisely the reason 
for the need of an organ in which the many threads can 
be gathered to be woven into a patterned matrix, 


The highest possible scientific standard will be maintained, 
All articles will be in English, but will also have a sum- 
mary in German and French. The Editorial Board is com- 
posed of specialists from many countries, and it is hoped 
that the journal will be truly international and representa- 
tive of work carried out in all parts of the world. 


One volume of 6 issues is published per year 
Pro vol, sFr./DM 64.50/US $15.50 
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weight (children), Give only by slow LV. injection, 
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iodine content is about 2656 (5.2 Gm./20 cc). Cholo- 
grafin Sodium, providing 2055 sodium iodipamide — 
20 cc. Vials. Bound iodine content is about 1345 (2.6 
Gm./20 cc.). 

Side effects: If infection takes less than 10 minutes, 
there may be transient restlessness, sensations of 
warmth, pressure in upper abdomen, and nausea. 


Precautions: I. V. test dose may be given, and personal 
and family history of allergy or bronchial asthma 
should be noted. Stop examination upon evidence of 
allergy. In rare cases, anaphylactoid reactions may 
occur. Contraindicated if patient shows sensitivity to 
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renal and liver function. For full information, see 
Product Brief. 
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Textbook of Radiotherapy 


By GILBERT H. FLETCHER, M.D. 
Head, Department of Radiotherapy, The University of Texas 
M. D. Anderson Hospital and. Tumor Institute, Houston 


30 CONTRIBUTORS 


his book is written essentially for trainees in radio- 

therapy to give a sequential exposé by anatomical 

sites of the place of radiotherapy in the manage- 
ment of cancer. Only the clinical background pertinent to 
the justification and understanding of the techniques de- 
scribed is given. All of the techniques are in actual use 
and can be duplicated anywhere with a minimum of 
physics and workshop facilities. The major portion of the 
book is, in fact, based on the practice currently in exis- 
tence at the University of Texas M. D. Anderson Hospital 
and Tumor Institute. 


Thirty radiologists at institutions located across the coun- 
try, all of whom have had considerable experience in one 
or more of the clinical areas involved, contribute their 
knowledge, following the same sound pattern. As a result, 
an unusually high degree of continuity, style and general 
presentation of procedures is apparent throughout the 
text. Because radiotherapy operates in a closely associated 
surgical content, it is appropriate that several of the chap- 
ters are contributed by surgical specialists. 
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Contains Many Helpful Features 


Other features include a chapter on 
uring | with a comprehensive de- 
scription of all that is pertinent to the 
understanding of the day to day prac- 
tice of radiotherapy; descriptions of 
techniques that are feasible with a 
kilocurie Co-60 or a 2 Mev unit; and, 
where appropriate, techniques using 
high energy levels. Computer dosim- 
ue intracavitary and interstitial 
ra therapy is described, as is 
the Parker-Patterson system. Related 
chapters on dental care and nutrition 
are other features not usually found in 
& book on this subject. 


Radiotherapists; general radiologists 
practicing radiotherapy; ear, nose and 
throat and head 2d neck surgeons; 
eios uera surgeons; and 
gynecologists will flnd much of inter- 
est in their special fields. 


About 800 Pages, 7" X 10" 
278 Illustrations 
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[] SPECIAL PROCEDURES IN ROENT- 
GEN DIAGNOSIS by Samuel L. Beran- 
baum, St. Barnabas Hosp., New York City, 
and Phillip H. Meyers, Tulane Univ., New 
Orleans. '63, 628 pp. (634 X 994), $21.75 


C] MAMMOGRAPHY by Robert L. Egan, 
The Methodist Hospital of Indiana, Indian- 
apolis. '64, 480 pp. (84% X 11), 355 il, 42 
tables, $25.50 


edited by LEWIS E. ETTER, M.D. 
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148 pp. (634 X 10), 202 il., $6.75 


[] CLINICAL ROENTGENOLOGY OF 
COLLAGEN DISEASES by Charles M. 
Nice, Jr., Tulane Univ., New Orleans. Jan. 
'66, 216 pp., 134 il., $10.75 





IN PRESS... 


[] THE COMMON BILE DUCT: Operative 
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Schein, Wilhelm Z. Stern, and Harold G. 
Jacobson. AU of Montefiore Hospital and 
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by Robert E. Wise, The Lahey Clinic, Bos- 
ton. '62, 160 pp. (8% X 11), 121 il., $9.50 


[] RADIOGRAPHY OF INFANTS AND 
CHILDREN by Donald B. Darling, Univ. 
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212 pp. (9 X 12), 456 il., 79 tables, $16.50 
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L] THE SCIENCE OF IONIZING RADIA- 
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The established efficiency and effectiveness of A.E.C.L.'s teletherapy equipment, 
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lere, for example is a radiographic-fluoroscopic 180° 
notor-driven table with tilt range from 90° Trendelen- 
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pot film devices, image intensifiers, intensified image re- 
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Xf these systems. It’s pictured here with PIP-6 Image In- 
ensifier and Intensified Image Recorder. Note that no 
eiling suspension system is necessary, so no heavy struc- 
ural steel is required. 

The control illustrated is a single-phase unit (no special 











wiring needed) that generates 900 MA, 
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IN ORAL CHOLANGIOGRAPHY AND CHOLECYSTOGRAPHY 


OPACIFICATION 

OF THE GALLBLADDER 
IN 3-10 HOURS, 

OF THE BILIARY DUCTS 
IN 1-3 HOURS. 







squibb Ipodate 


Dosage and Administration: For oral combined cholangiography 
and cholecystography: Same day—Oragrafin Calcium Granules — 
2 packets 1 hour before examination. Overnight —Oragratin Sodium 
Capsules —6 capsules or Oragrafin Calcium Granules —1 packet 10 
to 12 hours before radiography, plus an additional packet of gran- 
ules 1 hour before examination. 

Supply: Oragrafin Calcium Granules — single-dose foil packets of 
3 Gm. of calcium ipodate granules, providing 61.7% iodine content, 
Oragrafin Sodium Capsules —0.5 Gm. sodium ipodate per capsule, 
providing 61.4% iodine content. 

Side Effects: Nausea, vomiting, diarrhea, headache, dysuria, and 
abdominal pains occur infrequently. Hypersensitivity reactions may 
include urticaria, serum sickness-like reactions, skin rashes, and 
rarely anaphylactoid shock. 

Precautions: Contraindicated for persons sensitive to oral iodine 
compounds or for patients with combined renal and hepatic dis- 
ease or severe kidney impairment. Gastrointestinal disorders (which 
may result in inadequate biliary secretion of medium) often impair 
visualization. For full information, see Product Brief. 


Squibb Quality —the Priceless Ingredient 








Standard's Ultiscope Image Intensifier is very 
impartial. It will give you the image on a TV 
monitor, mirror, cinéfilm, or video tape. 


In addition to being impartial, the Ultiscope Image In- 
tensifier is very adaptable. It can be as basic or as 
sophisticated as you require. For example, you can 
oegin with basic mirror viewing in either the 6 or the 
J-inch model. Then, you can add additional com- 
oonents such as cinéfilming (16 or 35mm), television 
/iewing, single frame spot film camera (70 or 90 mm), 
2r video tape any time your needs change. 


Nor is the Ultiscope limited to use with new equip- 
nent. it can be adapted readily to fit the spot film de- 
fice of most X-ray tables. When you purchase a new 
able at a later date, the Ultiscope can be transferred 
o it with minimum time and cost. 


Because it uses precision optics, the Ul-iscope pro- 
fides an image of unusual sharpness and brilliance. It 


gives you binocular viewing that makes locating and 
following the image a simple task. The mirror is easily 
rotated and adjusted to the most convenient position 
for your individual viewing. 


Most important, the Ultiscope Image Intensifier is 
the result of Standard's 53-year old tradition of making 
reliable, superior-quality X-ray equipment. It's built by 
craftsmen who put an extra amount of care and pre- 
cision into every one of the jobs they do. 


STANDARD 


Dealer has complete de- 
tails on the Ultiscope 

STANDARD X-RAY COMPANY 
a subsidiary of Cenco Instruments Corp. 


Image Intensifier. Forhis 
1932 N. Burling St, Chicago, Hl. 60614 
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name and a copy of our 
new catalog, write us. 





INJECTORS 


from a single source 


It has long seemed to us that the maker of the primary 
x-ray apparatus used in cardiovascular radiology has an 
obligation to follow through with an equally dependable 
line of the accessory materials needed for these pro- 
cedures. 


With the introduction of the supplementary sundries cov- 
ered by our new catalog “Cardiovascular Accessories", 
the PICKER line is now so well-rounded that hencefor- 
ward you can look to a single source for virtually every- 
thing required for cardiovascular x-ray investigations. 
Apparatus. Accessories. Radiopaques. All available lo- 
cally and promptly from your nearby Picker office. 


ker 


PICKER X-RAY CORPORATION 
White Plains, N.Y. 








RADIOPAQUES 


cardiovascular 
accessories 


PICKER X-RAY CORP 
WHITE PLAINS, N.Y 




















have you received your copy? 


If you haven't already received your copy of the new 
catalog in the mail, the eager-to-serve people at your 
local Picker office will be happy to deliver one. 


Even happier to supply you with some of these needs, 
if only to show you the kind of tota/ service you can 
bank on from now on. 


Where exposure 
is important, try 
Cenco X-ray film 


Important to you and your patients is the 
fact that Cenco-Ferrania Type N film is 
4 to 6 kv faster than the medical x-ray film 
most widely used in the United States. 
You will also find Type N to be a premium- 
quality film that provides superior con- 
trast, definition, and detail. Yet, it is 
moderately priced. 

Type N is only one of several films 
available from your Cenco X-ray dealer. 
He has films for non-screen or fine tissue 
work, photofluorography, and for direct 
copies. Cenco film is available for both 
automatic and manual processing and is 
conveniently packaged for either large or 
small operations. 

You will find your Cenco X-ray dealer 
uniquely attuned to your particular needs. 
Because meeting the requirements of 
radiologists is his on/y business, he gives 
you an extra measure of service. Why not 
take advantage of it? PEDES 


ferrania 


FINE MEDICAL AND INDUSTRIAL X RAY PRODUCTS 





1800 Foster Avenue, Chicago, Illinois 60640 
Sales offices and warehouses coast-to-coast 
a division of Cenco Instruments Corporation 





GEVAERT 


X-RAY FILM 

















NATIONWIDE 


SERVICE... 
just a phone call away 


Sure, Gevaert is a top quality film. Its consistency, 
detailed clarity and pinpoint precision are its 
radiographic hallmarks. But even the best film 
requires the knowledgeable support of 

trained specialists. Especially that of the 
all-important, keenly interpretative radiologist. 
Also, to lend a hand when necessary: your 
Gevaert representative. For he, too, is a trained 
specialist well equipped with technical skills 

that are always at your service. With our 
national coverage he is as near to you 
as your phone. Call him. 


Exclusive Distributors: 


Z 


LOW X-RAY CORPORATION 
General Offices: 
161 Sixth Ave., New York, N. Y. 10013 
212 - 255-3700 







-— 


Just Phone Your Nearest 2C Warehouse 


ATLANTA, GA. ......- 0+: 404-873-1251 
CHICAGO, ILL. ......... 312-678-3690 
DALLAS, TEX. ..........- 214-631-7295 
DENVER, COL. ........-. 303-388-9110 
DETROIT, MICH. ........ 313-931-1880 
HOUSTON, TEX. ........ 713-747-6241 


LOS ANGELES, CAL. ....213-245-6481 


LOUISVILLE KY. «5.4555 502-458-3152 
MeKEESPORT, PA. ss 412-341-3000 
NEW ORLEANS, LA. ..... 504-835-0915 
OMAHA; NEB: «+ iscs05s; 402-558-4410 
PHILADELPHIA, PA. ssai 215-329-5142 
SAN FRANCISCO, CAL. .415-583-3889 
SIOUX CITY, IOWA ..... 712-252-3316 
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F RADIOLOGY 


Williams, Roentgen Rays 
THE MALLING -KRODT CLASSICS OF RADIOLOGY 
Volume IV 





The Mallinckrodt Classics of Radiology 


Unique series of historical documents for your medical library 





Handsomely boxed, 6-volume set containing a penetrating and comprehensive commentary on 

a number of classics of radiology with facsimiles. These encompass the discovery of x-rays by 
Röntgen, the study of radioactivity and the discovery of radium by M. Curie, the introduction 

of x-rays into medicine in the United States in 1896 and subsequent developments, and a survey 
of the earliest journals and societies devoted to radiology, particularly in the United States; 

They will be provided to all radiologists periodically throughout 1966 by Mallinckrodt. 


The facsimiles will include : 


Volume |. Rontgen’s three papers on x-rays and their English translations, 1895-1897 
Volume Il. M. Curie's doctoral thesis on radioactive substances and English translation, 1903 
Volume Ill. "The X-Ray, or Photography of the Invisible and its value in surgery,” 


by W. J. Morton and E. W. Hammer, 1896, and "Something about X-Rays for 
Everybody," by E. Trevert, 1896 


Volume IV. "The Roentgen Rays in Medicine and Surgery," by F. H. Williams, 1901 
Volume V. "Archives of Clinical Skiagraphy," Volume | (4 numbers), 1896 
Volume VI. "The American X-Ray Journal," Volume | (5 numbers), 1897 


These books are significant contributions to the history of radiology especially written for 
The Mallinckrodt Classics series by Herbert S. Klickstein, M.D., of the Albert Einstein 
Medical Center, Division of Radiology, Philadelphia, Pennsylvania. 
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Intravenous Urography Cerebral Angiography 


with 
Angio-Conray 





with 
Conray-400 





Intravenous Urography Intravascular Aortography 


For diagnostic reliability coupled with unequalled safety 


Conray Angio-Conray Conray-400 
(Meglumine lothalamate (Sodium lothalamate (Sodium lothalamate 
Injection U.S.P. 60%) Injection U.S.P. 80%) Injection U.S.P. 66.8%) 


The Compatib!e Contrast Media 








For clear delineation of 
detail plus an extra margin 
of safety, specify proven 
products of advanced 
research in the contrast 
media field. 


Conray 


(Meglumine lothalamate Injection U.S.P. 60%) 


for intravenous urography and cerebral and peripheral angiography 


Angio-Conray 


(Sodium lothalamate Injection U.S.P. 80%) 


for intravascular angiocardiography and aortography 


Conray-400 





(Sodium lothalamate Injection U.S.P. 66.8%) 


for intravenous urography, intravascular 
angiocardiography and aortography 





Product Particulars 


CONRAY : Each ml. contains 0.6 Gm. meglumine 
iothalamate; not more than 0.11 mg. calcium 
disodium ethylenediaminetetraacetate as stabi- 
lizer ; not more than 0.15 mg. sodium biphosphate 
as a buffer. 


Angio- CONRAY : Each ml. contains 0.8 Gm. so- 
dium iothalamate ; not more than 0.135 mg. cal- 
cium disodium ethylenediaminetetraacetate as 
Stabilizer; not more than 0.15 mg. sodium bi- 
phosphate as a buffer. 


CONRAY-400: Each ml. contains 0.668 Gm. so- 
dium iothalamate; not more than 0.135 mg. cal- 
cium disodium ethylenediaminetetraacetate as 
stabilizer; not more than 0.15 mg. sodium bi- 
phosphate as a buffer. 


Side Effects: With CONRAY (meglumine iothal- 
amate 6096) these have been minor and infre- 
quent, and include nausea, vomiting, urticaria, 
However, as with any iodinated intravascular con- 
trast agent, the possibility of severe reactions 
exists (neurological complications, the so-called 
anaphylactic response and cardiovascular col- 
lapse). With Angio- CONRAY (sodium iothala- 
mate 80%) and CONRAY-400 (sodium iothala- 
mate 66.896) rapid injection has produced a wave 
of warmth or heat passing over the body, often 
associated with flush. Other transient reactions 
infrequently observed are nausea, vomiting and 
bitter taste. In rare instances, injection of a con- 





Mallinckrodt 


& *Pharmaceuticals 
LINKING CHEMISTRY TO MEDICINE 9 


trast medium has been reported to produce more 
serious reactions including fatalities. Note: Be- 
cause of the possibility of severe reactions to any 
medium, patients should not be left alone for at 
least 15 minutes following injection. 


Caution: CONRAY-400 (sodium iothalamate 
66.896) and Angio-CONRAY (sodium iothala- 
mate 8096) are not intended for use in cerebral 
angiography. For this purpose, CONRAY (meg- 
lumine iothalamate 6096) is recommended. 


Contraindications : For all three media, caution is 
required in cases involving severe systemic dis- 
ease. In patients with advanced renal disease, use 
with caution and then only when need for exam- 
ination dictates. In patients with a history of al- 
lergy or those exhibiting a positive reaction to 
the sensitivity test, drugs and facilities for emer- 
gency use must be readily available. 


Precautions: For Angio-CONRAY (sodium io- 
thalamate 80%) and CONRAY-400 (sodium io- 
thalamate 66.8%), cardiac arrhythmias, including 
ventricular fibrillation, have been reported with 
the use of these media in procedures for visualiz- 
ing the heart and its associated large vessels. 
Such occurrences may be associated with situa- 
tions in which appreciable amounts of relatively 
undiluted medium enter the coronary circulation. 
Facilities for immediate treatment of such reac- 
tions should be available. 


Mallinckrodt 
® 


MALLINCKRODT CHEMICAL WORKS 
St. Louis, Missouri 63160 


DUILEE ^ 


GETTERS 
SERVE YOU: 





l They provide insurance against any gas evolution that may occur during 
an accidental overload or extremely heavy duty service. The Dunlee 
getter is not and has never been intended to be used as a pumping device 
to speed up our exhaust processes. 


They make possible the use of thoriated filaments for valve tubes. 


They are made of Barium, a cold getter that acts as a keeper to absorb 
gases released during tube shelf and service life. 


They provide a quick check as to whether the tube is maintaining its 
vacuum. 


They work while either hot or cold. 
They have a greater capacity than getters in comparable size tubes. 


They are efficiently deposited within a large pre-determined end portion 
of the tube envelope. 


co NO UO A UON 


They provide a good electrical termination to relieve the high voltage 
gradient at the ends of the tube envelope. 


Write for additional information on Dunlee X-ray 


tubes and getters. 


CORPORATION 


DEPT. B 1023 S. PUSHECK RD. ° BELLWOOD, ILLINOIS 
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Photoscan of lungs of female patient, aged 50, showing pulmonary emboli, taken August 13, 1965.* 


now you see it 


see evidence of pulmonary embolism 


ALBUMOTOPE-LS 


SQUIBB AGGREGATED RADIO-IODINATED (I9) ALBUMIN (HUMAN) 


lung scanning as one of the routine screening pro- 

cedures in the diagnosis of pulmonary embolism 
because "it appears that the lung scan can point to the 
site of embolic lesions before signs of lung infarction 
are recognizable on plain chest films.’ 

Lung scanning is much simpler — and less hazardous— 
than pulmonary arteriography. Simply inject Albumo- 
tope-LS just prior to scanning. (Cardiac catheterization 
is not required.) 

The requirements for the ideal radiopharmaceutical 
for scanning pulmonary infarcts have been enumerated.? 
Albumotope-LS meets them all: 


| s in a recent clinical study recommend 


e contrast — good differentiation between normal and in- 
farcted lung tissue 

* selectivity — good concentration in the lung with low 
radiation background in other organs 

e rapid clearance from the blood stream — if the infarct 
concentration of radioactivity is lower than that in the 
blood 

* balance—suitable gamma energy for scanning with 
minimal radiation dosage to the patient 

e safety — non-toxic 
With radioiodinated I?! albumin “lung scanning has 

been proven to be simple, rapid and safe in the diagnosis, 

localization and ultimate fate of pulmonary emboli.’ 





Chest x-ray of same patient taken same day; no radiographic evidence of pulmonary embolism.* 


now vou dont 


hefore it appears on chest films 


Dosage and Scanning Procedure: Recommended scan doses of 150 to 
300 microcuries of aggregated radioiodinated (1131) albumin depend- 
ing on the instrumentation available and the technics employed. 
Scanning immediately follows administration of slow intravenous 
injection. Patient may be placed in a prone or supine position. 
Side Effects and Precautions: There have been no reported cardio- 
vascular or other untoward effects attributable to Albumotope-LS. 
Extensive clinical use of Albumotope-LS has not borne out the 
hypothetical possibility that particles of large size might induce de- 
leterious cardiovascular or cerebrovascular effects. The product 
appears to possess no antigenic properties. One patient with a 
known history of angioneurotic edema, who had been given Lugol’s 
solution in conjunction with aggregated radioalbumin similar to 
Albumotope-LS, developed urticaria. 

Radioisotopes should not be used in pregnant women, nursing 


mothers, or in patients under 18 years of age unless indications are 
very exceptional. 


Available: As a sterile, non-pyrogenic, aqueous suspension. Each 
cc. contains approximately 1 mg. aggregated human serum albumin 
labeled with 800-1500 microcuries of iodine-131 at time of manu- 
facture. Also contains 0.9% benzyl alcohol as a preservative. 
References: (1) Haynie, T. P; Hendrick, C. K., and Schreiber, 
M. H.: J. Nucl. Med. 6:613, 1965. (2) Quinn, J. L., et al.: J. Nucl. 
Med. 5:1, 1964. (3) Sabiston, D. C., and Wagner, H. N.: Ann, 
Surg. 160:575, 1964. 


*Ilustrations furnished through the courtesy of George V. Taplin, 
M.D., Harbor General Hospital, Torrance, California. 
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NOW... 
A ONE-STEP PROCEDURE FOR 
EFFICIENT CLEANSING OF THE COLON 
PRIOR TO RADIOGRAPHY 


Flat plate of 
abdomen, 

taken after 
administration 

of X-Prep Powder. 





Superior Visualization...Fewer Retakes 
with 


XPREP X-PREP 


POWDER LIQUID 
(standardized senna concentrate) (standardized extract of senna fruit) 
Easy-To-Mix With Water Ready-To-Drink 
44 OZ. can 2'2 oz. bottle 
(complete adult dose) (complete adult dose) 


SIMPLE, PALATABLE, SINGLE-DOSE PROCEDURE FOR GOOD BOWEL PREPARATION 
A reliable, predictably effective bowel evacuant that achieves efficient cleansing of the 
colon by virtually colon-specific peristaltic stimulation. Reduces or eliminates the need 
for preparatory enemas. Highly palatable and easy-to-take, X-PREP Powder/Liquid en- 
courages better patient cooperation. All the patient has to do is drink the preparation 
between 2 and 4 P.M. on the day prior to radiography. DCOPYRIGHT 1966, GRAY PHARMACEUTICAL CO 
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A Compact— 
Ligntweight— 





Heavy-Duty 
Collimator 


This lightweight Machlett 
Videx Collimator, the Duocon- 
2, is designed for heavy-duty 
use for all radiographic tech- 
nics, including 150 KV radiog- 
raphy. Special provision for the 
control of off-focus radiation 
from the tube is made in the 
form of a pair of movable upper 
shutters. These shutters to- 
gether with other radiation bar- 
riers provide well-definedbeam 


localization without weight pen- 
alty—the Duocon-2 weighs 60% 
less than similarly rated mul- 
tiple-tier collimators. 

Following the merger of the 
Howdon Videx Company into 
The Machlett Laboratories, ine., 
you will find the full line of 
Duocon radiographic collima- 
tors and accessories is now 
available through Machlett to 
meet your needs. 
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CASSETTE TRAY 
CENTERING LIGHT 











DUOCON-2 


IS easy to operate 


Clear, high-visibility dials, together with easily oper- 
able shutter control, permit both accuracy and 
speed in repeated settings. Duocon-2 provides 
cassette tray centering light and light localizer for 
quick, accurate alignment. Localizer lamp is acces- 
sible. Mirror viewing system permits observation 
of X-ray tube target, as illuminated by X-ray tube 
filament. 
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opecifications 


Rating 
Lower long shutter 


Lower cross shutter 


Maximum coverage 
Minimum coverage 


Filtration 


Projected Bucky 
Tray centering 
line 


Electrical systems 
Manual 


Timer (optional 
extra) 


Weight on 
tube stand 


Extension cylinders 


Swiveling 


150 KVP 
3.25 mm. lead min. 


3.25 mm. lead min. 
down to 1" aperture 
2.25 mm. lead min. 
1" to 0" aperture (Note: 
angle factor varies) 


1714" x 17!4" € 36" 
oxo 


Filter in:2mm equiv. 
Filter out: 1mm. equiv. 


Optional extra 


75 watt/115 volt 
CBX projection 
lamp, on/off manual 
toggle switch 


75 watt/115 volt 
CBX projection 
lamp, 1/2 minute 
automatic switch 


1/4 Ibs. 


D-10 and D-10 x 18* 
Spring detent 


"Assortment of easily attached extensions available, ranging 
from single 4" x 10" to Etter Precision Mastoid Cylinder. 





‘or further details on the Duocon-2 and other Videx collimators, 
rite The Machlett Laboratories,Inc., Springdale, Conn. 06879. 


"PU. THE MACHLETT LABORATORIES, INC. 
NAVYVT Prk 






THE INTERNATIONALLY ACCEPTED 


HYDRADJUST 


DESIGNED 
FOR: 


CYSTOSCOPY and Bu f 
TRANSURETHRAL SURGERY.. RADIOGRAPHY.. .and IMAGE INTENS 
hd 





The Hydradjust Table's outstanding features @ POWER DRIVEN FLOATING TABLE TOP. 


give you greater operational ease and allow (Optional) The speed and effortless mo- 
greater diagnostic thoroughness throughout tion of the table top are ideal for scanning 
the wide range of urological procedures. urinary tract during image intensification 
è CANTILEVER DESIGN. Permits under- and cineradiographic procedures. 
table mounting of image intensification @ STAINLESS STEEL DRAIN PAN. (Optional) 
units (9 in. or smaller), allowing you to see May be used alternatively with the stand- 
motion in many urological procedures ard disposable drain bags supplied with 
which in the past had to be done blindly. each table. 


ə HIGHER ELEVATION AND GREATER  Hydradjust models are available with Under- 
TILT RANGES. Elevation range is from 29" writers’ Laboratories listing for use in hazard- 
to 57”—tilt from 15° Trendelenburg to 88° ous locations, Class l, Group C. For more 
upright. Ranges satisfy requirements for details about this outstanding table, see your 
all transurethral and urological radio- x-ray equipment supplier or write us for the 
graphic procedures. latest illustrated brochure. 


DIVISION OF RITTER CORPORATION 


= LIEBEL-FLARSHEIM COMPANY 
CINCINNATI, OHIO 45215 


Accessibility: Nothing is quite as easy to get 
to, get on, get around as an island X-ray table. 


Visibility: All around viewing across the 
board, from either side of the table. 


Freedom from fatigue: Spot film tower and 
tunnel assembly are fully counterbalanced, 
easily swung into play or parked out of the 
way for fatigue-free fluoroscopy. 








Summing up: Only island units give you this 
much freedom, this ease of operation, this 
range of functions, this holiday from the 
chores associated with any other type of X-ray 
table. And your only source for true island 
table design is Keleket, for 65 years, the first 
name in medical X-ray. Ask for Windsor is- 
land tables. 


pee |KELEKET 


A Division of Laboratory For Electronics, Inc. 


WALTHAM, MASSACHUSETTS 02154 
Medical X-ray Equipment « Accessories and Supplies 


Du Pon 


New CRONEX 2 DC 


CRONEX X-ray Products 


916, u, $, wat OFF 


Better Things for Better Living 
. « . through Chemistry 





Announces 


New CRONEX 2 DC, a film 
designed for the Double Capacity 
Processing System. 


New CRONEX 2 DC, with the same extraordinary diagnostic clarity 
as todays CRONEX Il. Exhaustive tests by Du Pont 

scientists and by practicing radiologists declare the two films 

equal in clarity with no change in exposure technic. 


New CRONEX 2 DC, made possible through Du Pont emulsion technology 
and CRONAR® polyester film base. Ideal for Double Capacity processing, 
CRONAR withstands the heat of high-speed developing, fixing and drying. 
Because CRONAR is tough it won't tear or jam equipment. 


New CRONEX 2 DC, which assures Double Capacity from your present 
processor, modified as explained in the message on our clear CRONAR sheet. 
(CRONEX 2 DC works perfectly at normal processing speeds too.) 


New CRONEX 2 DC, the film your Du Pont Technical Representative 
is ready to show you—see him soon. 


*Du Pont's registered trademark for its X-ray film. 


GRAPH-0-MAT 90 


a chemistry for all times 





The choice is yours — where an x-ray department requires extra speed 
but is unwilling to sacrifice quality, the new Hunt Double Capacity Sys- 
tem is the answer. Where access time is considered a more important 
factor, the 90 second dry-to-dry processing cycle will be your decision. 
The Double Capacity System — engineered and developed by Hunt offers 
* fast access time, (double conventional film capacity) * films of diag- 
nostic quality comparable to the best quality of the 7 minute cycle * and 
the choice of using any brand of film; X-ray departments using a partic- 
ular film emulsion can maintain the high standards established through 
long association with a favored film. 

m Whatever decision you make — think of Hunt. Our chemistry, Graph- 
O-Mat^ 90 is compatible with both processing cycles and all brands of 
film. Our sales force will offer you knowledgable advice on every aspect 
of the new ultra-fast processing cycles and our trained staff of service 
engineers is ready to convert your existing processors. 





Palisades Park, New Jersey * Branches in Principal Cities * PHILIP A. HUNT COMPANY (CANADA) LTD. Toronto 
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Refinishing school 


A Picker service engineer's education is never done. 


To keep on top of today's mounting flood of technical developments 
and equipment innovations demands not only unremitting personal 
study, but periodic group brush-up in the unique "refinishing" 

school at our Cleveland plant. 


Looking in on a typical week there, you'd find a gathering of service 
engineers brought in from Picker branches the country over to 
undergo a week of intensive training. 





Not only hard-driving daily classroom instruction by a full-time 
teaching staff, but expert-guided small group “workshop” sessions ar a A dE 
dealing with counterparts of the advanced apparatus they'll be itd 
servicing back home. 


The men pictured above comprise one of four similar separate 
groups working simultaneously, each occupying an identically 
equipped corner of the spacious workshop. The program goes on 
year-round: every member of the vast Picker service organization 
attends periodically to elevate his competence to serve you. 


People make the difference at Picker. 


People you can bank on for the best in equipment, in supplies, 
in maintenance. 


For Cystogrophy 
NOT FOR INTRAVASCULAR 
Bech mi. contains 0.30 Gm. Sodium 
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Mallinckrodt 


-Eo - s ^ - 


KING CHEMISTRY TO MEDICINE* 





the first contrast medium 
tailor-made 


tor CYSTOGRAPHY 


premixed —no powders to measure, no media to mix and dilute 
presterilized —no bottles to clean, sterilize or autoclave 

easily administered by gravity flow or other instillation techniques 
new screw -cap bottles— readily adaptable to venoclysis sets 


SODIUM ACETRIZOATE 30% 


Unsurpassed as a safe, efficient, economical 
contrast agent 


Well tolerated by urinary tract mucosa High iodine 
content for maximum contrast with minimum salt con- 
centration Rapidly diffused in the urine for homoge- 
neous opacification No waste—30-50% lower cost 
than comparable quantities of other commonly employed 
agents 


Three bottle sizes for more flexible dosage and 
volume ranges 


250 ml. single-dose, disposable bottle (shown at left) 
ready to use full strength for most cases 


500 ml. dilution-unit bottle holding 250 ml. Cystokon 


ready for dilution to desired concentrations from 3096 
to 1596 


100 ml. multiple-dose vial to provide further concentra- 
tion and volume flexibility 


Caution: Not for intravascular administration 





Description: Cystokon is a sterile aqueous solution containing 3075 
w/v of the sodium salt of 3-acetamido-2,4,6-triiodobenzoic acid. 
Each ml. contains 0.3 Gm. sodium acetrizoate (0.2 Gm. iodine), not 
more than 0.05 mg. calcium disodium ethylenediaminetetraacetate 
as a stabilizer, and not more than 0.15 mg. sodium phosphate as a 
buffer. The pH of the solution is adjusted to within 7.0 to 7.4. Since 
the solution itself will not support bacterial growth, additional bac- 
teriostatic agents have not been added. The solution is somewhat 
sensitive to light and must be protected from strong daylight or 
direct exposure to the sun. 


Clinical Application: Cystokon is prepared and packaged specifi- 
cally for cystography and retrograde pyelography. It may be employed 
in simple retrograde cystography and pyelography, voiding cys- 
tourethrography, delayed cystography and other appropriate modi- 
fications of these techniques. 


Contraindications and Side Effects: No evidence of irritation 
or toxicity to the urinary tract mucosa has been reported with Cystokon. 
However, minor side reactions associated with the procedure, e.g., 
nausea, vomiting, pain, salivation and sweating, may be encountered 
in rare instances. Certain pathologic conditions may, in the judgment 
of the attending physician, contraindicate retrograde pyelography 
and cystography. 


Mallinckrodt 
® 


LINKING CHEMISTRY TO MEDICINE ® 


Mallinckrodt 


MALLINCKRODT CHEMICAL WORKS 
St. Louis, Missouri 63160 


BARNES-HIND 
BAROTRAST* 


O Barotrast suspends easily — and stays in suspension. Coverage is complete...coating 
is thin, elastic, tenacious... flow is steady, consistent, and columnar. Barotrast is ideal 
for routinely precise examinations. 0 BAROTRAST® (Specially compounded and micro- 
nized form of barium sulfate) O 


BARNES-HIND BARIUM PRODUCTS 
DIVISION OF BARNES-HIND PHARMACEUTICALS, INC. 
Sunnyvale, California 


the original 
high-density barium product 


for unsurpassed delineation 





- Barotrast used in an air contrast Barotrast used in an upper Gl 
study of the mid transverse colon. study of the stomach. 


Barctrast 





(91964 BPA 101 
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...AND IN MANY CASES AT LOWER COST, TOO! 


- compatibility with roller-type processers * high contrast image 


- low fog level + designed for high KV radiography 


BROCHURE ON REQUEST 


PYNE -RAY CORPORATION 


U. S. Distributors of FUJI KX Film 
110 East 42nd Street, New York, N.Y. 10017 
Warehoused in New York and Chicago 
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© 30 YEARS OF SCIENTIFIC ACHIEVEMENT 
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Conventional Scan Time: — 35min. Autofluorogram Time: 3.2 min. 


At left is a conventional anterior scan compared with a Model 5000 
autofluorogram of an abnormal liver showing a hepatomegaly and an ab- 
normal zone of decreased uptake in the lateral margin of the right lobe, 
which represents a liver metastasis. 





* 


Conventional Scan Time: ^ 20 min. Autofluorogram Time: 4 min. 
At left is a conventional posterior renal scan compared with a Model 
5000 autofluorogram showing a reduced uptake in the inferior 2/3rds of 
the right kidney due to the presence of a large hypernephroma in 





this area. 
Supplied with each Model 5000 are an Adjustable ge. . 
Hospital Bed, Motor-Driven Detector Assem- ege 
bly, Recording and Control Console - it. 


which includes cathode ray oscil- 
loscope visual display, multi- 
channel analyzer circuit- 
ry with memory, com- 
puter-formatted mag- 
netic tape system, 
and camera 
mount. } 


SCIENTISTS: Investigate challenging opportunities at 
Baird-Atomic — an equal opportunity employer. 


MODEL 5000 


DIGITAL 
AUTOFLUOROSCOPE 


FOR RAPID DIAGNOSTIC LOCALIZATION AND 
VISUALIZATION OF GAMMA-EMITTING 
RADIOISOTOPES WITHIN THE HUMAN BODY!! 


4on 


Model 5000 fractional renogram in a 

à 3 patient with normal kidney func- 

00 as tion showing the characteristic 

sequential passage of Hip- 

puran through the cortex, 
medulla and pelvis. 


— CORTEX 
MEDULLA 
PELVIS 


FRACTIONAL RENOGRAM 





The Digital Autofluoroscope MODEL 5000 is a fixed 
(non-scanning) device with memory storage which pro- 
vides a picture of the distribution of radioisotopes 
within any organ of the human body. Compared to 
conventional moving scanners, the versatile new 
MODEL 5000 will localize tumors faster. Visualization 
is accomplished by the use of a multi-crystal matrix 
which permits the simultaneous detection of radiation 
from all parts of the organ or area of interest without 
scanning. Disease processes in the brain, heart, lung, 
kidneys, liver, spleen, and pancreas are routinely de- 
tected in only a fraction of the time required with con- 
ventional mechanical scanning techniques! 


Moreover, the MODEL 5000 will also measure rapid 
changes in the concentration of a radioactive material 
in compartments within the organ. Of special impor- 
tance, the instrument allows effective utilization of the 
full range of isotopes — high energy isotopes can now 
be used and data can be immediately viewed! Further, 
the Autofluoroscope periodically displays accumulated 
data allowing observation of buildup. For continuing 
historical advantage, the patient's records can be per- 
manently stored on magnetic tape for future reference! 


MODEL 5000 FEATURES: 
* CONTRAST ENHANCEMENT OF PICTURE WITHOUT AFFECT- 
ING RAW DATA 


* DYNAMIC AND STATIC VISUALIZATION OF THE ISOTOPE 
WITHIN THE BODY 


* FULL RANGE OF (INCLUDING HIGH ENERGY) ISOTOPES 
CAN BE USED AND ACCUMULATED DATA CAN BE IMME- 
DIATELY VIEWED 


e PATIENT'S RECORDS CAN BE PERMANENTLY STORED ON 
COMPUTER-FORMATTED MAGNETIC TAPE 


e CRYSTAL MATRIX AND MULTI-CHANNEL STORAGE OF AC- 
CUMULATED DATA 


e PERIODIC DISPLAY OF DATA DURING BUILDUP PROCESS 
AUTOMATICALLY PROVIDES QUANTIFICATION OF DATA 


Call or write today for free descriptive literature! 


ATOMIC AND LABORATORY INSTRUMENTS DIVISION 


OFFICES. ATLANTA BOSTON CHICAGO DALLAS DETROIT LOS ANGELES NEW YORK PHILADELPHIA PITTSBURGH SAN FRANCISCO WASHINGTON, DC 


A BAI H [] -MTO M | D 33 UNIVERSITY ROAD, CAMBRIDGE, MASSACHUSETTS 02138, Telephone: 617 864-7420 


EUROPE: BAIRD-ATOMIC (EUROPE) N V, 26-27 VEENKADE, THE HAGUE, HOLLAND 


“See the Model 5000 at the NUCLEAR MEDICINE SHOW" 
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IVEQJUINZAITUOUOME 
Diagnostic X-Ray Table 





General Electric designed the complete 


diagnostic table...then you refined it! 


Designed and engineered to perform every radio- 
graphic and fluoroscopic function, the Monarch 
diagnostic x-ray table actually has been refined 
and improved through direct hospital and clinical 
observation. Our engineers worked with YOU, 
studying both routine examinations and complex 
special procedures to meet the demand for a table 
with responsive performance. 

When St. Joseph's Hospital in Milwaukee, Wis- 
consin selected the Monarch shown above for 
their new facilities, General Electric personnel 


worked directly with the hospital and the radi 
ology department from architectural planning tc 
final installation and testing to meet the particula 
requirements. 

When you order a Monarch diagnostic table 
you're actually ordering an entire installation de 
signed to fit your personal needs. You may equij 
your table with a wide choice of options— spot 
film devices, image intensifiers, tube supports 
Bucky grids and other apparatus, all G-E-designec 
for maximum operating convenience. 


FT avueruu-careuvy Features | TA 
'roduced Through Direct - 
Observation 


tient comfort... operator convenience. No complex radio- 
sical examination can proceed efficiently if the patient feels 
secure or uncomfortable. The Monarch can be equipped 
th a wide variety of accessories to provide the highest 
ssible degree of patient comfort and safety plus operator 
ivenience. Every device available for the Monarch table 
s designed after careful investigation of procedural needs. 
e Monarch diagnostic x-ray table is a direct result of con- 
uous General Electric product innovation. 








10ulder Rest Retractable Step Safety Harness Grasp Handles 
slipping or sliding of patient in Retractable step assists ambulatory patients With patients subject to fainting or vertigo, Give the patient a secure feeling 
delenburg position. Supports onto the table. Eliminates danger of tripping prevent interruption of examination and and eliminate extra personnel to 
padded with soft polyurethane, over a separate stool, or having it jam under danger of injury with secure safety harness. hold the patient in angulated posi- 
sorrectly spaced for comfort and a power table. Electrical interlock prohibits Quickly adjustable harness will support tion. Handles are easily attached or 
individually adjustable. table angulation when step is extended. 300 pounds. removed at any point on table side. 
Positive locking device for safety. 


Convenient Front-Loading 
Spot-Film Device 


-e's the perfect example of how procedural observation and 
isultation by General Electric engineers results in product 
ovation. You are able to quickly load the square cassette 
'?" x 9!/»") into the front of the Model 63 spot-film device 
hout worrying about proper cassette positioning. Carriage 
chanism is simplified, eliminating gears, belts and pulleys 
t interfere with spot-film work. And glide-back parking 
mits table top to be completely cleared during radiographic 
icedures or for patient care. The square cassette, front load- 
Model 63 spot-film device is “common-sense” equipment 
t YOU asked for. We took it from there. 


Progress /s Our Most /mportant Product 


GENERAL ELECTRIC 
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GENERAL ELECTRIC 
FLUOROLINE’ 40-80-160 


Multiple Film Viewers 


The new Fluoroline film viewers are de- 
signed to benefit every member of the 
x-ray department team. Radiologists can 
view up to 160 radiographs without 
time-consuming hand insertion of each 
radiograph . . . can use their valuable 
time exclusively for diagnosis. Tech- 
nicians save time by loading a full 
series of radiographs at one time, mini- 
es-...£2a mizing film handling. Full-function, 
we multiple-panel film viewers have long 
been in demand ... now General Elec- 
tric provides the finest available. Call 
your G-E x-ray representative or write 
X-Ray Department, General Electric Co., 
Milwaukee, Wis. 53201. Room A-61. 


FEATURES 


e Manually-Operated Display Panels 

e Motor-Driven Illuminator Bank 
With Automatic Safety Stops 

e Vertical Units Require Minimum 
Floor Space 


Self-Contained Unit 


Convenient Front Or Side Shelves 
Eight Panel Illuminators (4 Over 4) 
Three Film Capacities — 40, 80, 160 


Choice Of Vertical, Horizontal, 
Mobile Or Stationary Models 





4f. Fluoroline 80 Viewer, Vertical. Other 
vertical units available: 80 mobile, lecture; 80 
stationary, lecture; 160 stationary; 40 mobile, 
lecture; and 40 stationary, lecture. 


Fluoroline 80 Viewer, Horizontal. » 
Also available, Horizontal 160 Viewer. 





Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 





Clinac travels _ 
in the very best circles. 


Clinac is the 6 MEV linear accelerator that 
allows you to treat many more patients In 
less time than any other system. 


Based on the isocentric concept, Clinac 
rotates a full 360°. The isocenter—a fixed 
point in space one meter from the 
target—is located to correspond with the 
horizontal axis of the accelerator 

and the central axis of the X-ray beam. 


The patient treatment couch rotates and 
moves up, down and sideways, which makes 
it possible to use the Clinac isocentric 
technique with accuracy up to -- 1mm 

during full rotation of the accelerator. 


The isocenter is always constant. Set-up 
time is minimal. You are assured of 
effective, rapid, accurate and repeatable 
patient positioning. 

Doesn't it make sense for your hospital to be 
in the growing circle of Clinac owners? 


varian radiation division 
611 hansen way / palo alto / california 94303 / u.s.a. 





From the Pakorol line select the 
model that fits your requirements for: 


M CAPACITY—to satisfy your needs 
i SPACE—only a few square feet 
ll WORK FLOW—left or right hand 
E BUDGET—minimum investment 


E MATERIALS— process sheet or roll 
in screen film brand of your choice 





Newest and smallest is the Pakorol-XF. Here is the E CHEMISTRY—of your choice 
processor/dryer that satisfies installations from the t 
small office on up. Process film from 4" x 4" thru 17" x E LOADING—automatic or manual 


36", up to 85 mixed sizes per hour, The cost is low and 
the quality results are high. 


Choose the PROCESSOR that e 
vives you the choice...PAKOROL uh 


| freee opt 4. #j 
s 








Any Pakorol processor model gives you an 
efficient and complete system for film 
processing and drying—hangerless— with 
proven, roller transport operation. 


Pakorol processors are versatile. They will 
process and dry medical brand name screen 
film in the chemistry of your choice. Uni- 
form processing and controlled drying are 
built-in. There is a Pakorol to fit the re- 
quirements and budget of a private office or 


The Pakorol-XM, giving a little more output, is ideal for 
ini 1 1 offices or departments of all sizes. Many institutions 
clinic to the large medical center /hospital. find the “XM” works well for dual installation or for 
single use in several separate departments. Processes 


film to 17" width. The Pakorol-XM offers a unique com- 
bination of speed, small size, capacity and economy. 


Want to be equipped for the new high-speed 
films? Modifications for 90-second and 31 
to 4-minute processing will be available 
this year for converting your Pakorol-X, XM 
and XF. Ask your Pako Distributor or write 
to Pako for full details. 





The Pakorol-X though big in capacity is still relatively 


PAK O C O RP O RATI O N small. Process 120—14" x 17" films per hour. Average 

6300 Olson Memorial Highway 6⁄2 minutes dry to dry processing. 

Minneapolis, Minnesota 55440 ALL MODELS are of attractive polished stainless steel; 

PAKO FOR PROGRESS no chains, all worm gear and roller operation. 
AUTOMATIC SHEET FILM LOADER is available for the 
Pakorol-XF. Other accessories available. Pakorols are 
backed by Pako parts and trained service men at your 
area distributor. User training programs are frequently 


held at the Pako plant. Call your Pako Distributor now, 
Or write to Pako. 
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The Ilford X-ray film that offers high 
contrast performance with economy! 


Ilford Standard X-ray film offers the qualities 
sought by radiologists at a cost appreciably 
lower than other films of comparable quality. 

























[n particular: Truly excep- 
tional performance where excellent contrast 
is desirable. 

Particularly suitable for use with high K Vp tech- 
niques. 

tadiographs are remarkably clean, even when 
processed in solutions approaching exhaustion. 

Ilford Standard X-ray film is 

subjected to the same rigorous manufacturing 
controls that have made all Ilford X-ray films 
internationally recognized for batch-to-batch 
and box-to-box consistency. 


This film is particularly recommended for 
all radiographic investigations employing con- 
trast media where unusual definition is re- 
quired, for excellent reproduction of bone de- 
tail in orthopaedic examinations, and for all 
radiographie work requiring high contrast. 


New Bulk Pack Cartons! 
The 300 sheet (folder wrapped) 
and 500 sheet (non-interleaved) 
economy packings of Standard 
were designed exclusively for the 
American market. 

Also available in 75 and 25 
sheet cartons, folder wrapped, in 
all popular sizes. 


NY 
KIN 
ILFORD INC. 


37 WEST 65TH STREET, NEW YORK, N.Y. 10023 


Dynamic clinical studies 


using radioisotopes: 





Are you interested but 
don't know quite where to start? 


Then start here. 


First let us admit that the dynamic clinical 
techniques which use radioisotopes for study- 
ing various bodily functions are more com- 
plicated than well counting or even scanning 
procedures. Undeniable. 

But these methods are valuable, providing 
either confirmatory clinical data or, in some 
instances, information which just cannot be 
obtained by any other means. Long-established 
applications of these techniques include, for 
example, renal function studies, cardiac out- 
put determinations and hepatic function 
assessment. Or perhaps the newer techniques 
such as cerebral blood flow or pulmonary func- 
tion would be of interest. 

Whatever your interest, we can minimize the 
technical difficulties of getting into this field. 

Our offer: to work with you in any and every 
way to make your entry into this area as pain- 
less as possible. Specifically, we would be 


happy to talk with you about these methods, 
to provide the necessary information on exist- 
ing procedures, to help you plan your radio- 
tracer studies, to assist in interpreting results, 
and to aid in the training of your staff in all 
phases of radioisotope dynamic function meth- 
odology. Or, to work with you in any other way 
that you may wish. With no obligation. 

Then it will come as no surprise that we 
can also help you select the equipment that 
makes sense for your needs. And to begin 
with, this can be a relatively simple outfit; 
your first commitment can be limited to the 
basic equipment since refinements can be 
added easily as needed. You should also know 
that our line of instruments for dynamic func- 
tion work of every kind is unmatched in diver- 
sity or quality. 

So, an invitation: start a dialogue by re- 
questing our new brochure DCARé. 


Picker Nuclear: 1275 Mamaroneck Avenue, White Plains, New York 10605 neocleas 





The patient, a 46-year-old male, had persistent low back pain radiating down both 
lower extremities posteriorly, and numbness and pain over both heels. X-ray 
examinations of back and hips, made 18 months before, following an automobile 
accident, were reported as normal. 


Myelographic examination using PANTOPAQUE [Iophendylate Injection] showed a 
large defect at the fourth lumbar interspace, which was interpreted to be due to 
discal herniation in a narrow canal. At surgery, a large herniated intervertebral 
disc in a very narrow lumbar vertebral canal was found and removed. 


"PANTOPAQUE" is the registered trademark under which all 
leading x-ray dealers supply the compound ethyl iodophenylundec- 
ylate, which is synthesized in the laboratories of Eastman Kodak 
Company and prepared as the myelographic contrast. medium 
lophendylate Injection, U.S.P., by Lafayette Pharmacal Inc. The 
trademark serves to indicate to the radiologist continuity of experi- 
ence in the manufacture of this medium. 
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Model No. 601-D 











The biggest bugaboo of film dryers is humidity in 
the darkroom . . . environmental moisture which 
turns the most efficient unit into a sluggish, slow- 
acting flop. 

Now HALSEY introduces the climate compen- 
sator — a system of air control that lets you shut 
out outside humidity when it’s too high... or bring 
in outside air when it’s cool and dry. 

The result... faster film drying — regardless of 
climate conditions! 


Fatigue-free loading from the top. Handles 
12 films every 20 minutes. Complete with automatic 
timer — a guard against fire hazard due to failure to turn 
off the heater. Dimensions: 23" wide, 33" high, 171^" 
deep. 


Economy version of above — loads from the 
front. Recommended for stacking on top of No. 600-D 
for stoop-free loading, when extra capacity is desired. 
Dimensions: 23" wide, 33” high, 1712" deep. Automatic 
Timer (No. 602-DT) available. 


For restricted space — similar to No. 
601-D, but almost 10" narrower; accommodates 6 films. 
Dimensions: 13Y2" wide, 33” high, 1712” deep. 


Write for detailed literature 


only from u 


*NEW CHLORMERODRIN Hg 197 
FROM NCC CONTAINS LESS 
THAN 0.1% Hg 203...even a full 
week after shipment. No other source 
provides this quality. And NCC sup- 
plies it to you at no additional cost. 


Uniform Specific Activity 


This excellent brain scanning agent is 
shipped with the same Hg 197 specific 
activity every day. Specific activity ad- 
justed to 400 4c, mg on the calibration 
date and freedom from Hg 203 elimi- 
nate all concern about diuretic effects. 






MIAMI 


NUCLEAR CONSULTANTS. 


DIVISION OF MALLINCKROOT CHEMICAL WORKS 
Box 6172 Lambert Field, St. Louis, Missouri 63145 


ATLANTA CHICAGO CLEVELAND HOUSTON LOS ANGELES 
NEW YORK SAN FRANCISCO WASHINGTON, D. C. 






FIRST 


WITH THE PUREST 


$T. LOUIS, MISSOURI 63945) [| 
Chemical Works 


ERODRIN Hg 197 || 
WTION 


| 
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Controlled Decay Program 
Hg 197 decays in your patient, not on 


your shelf. Ask for full details about 
NCC’s controlled decay program. 


Demonstrated Leadership from 
the Specialist 
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ANGIOCARDIOGRAPHIC DETERMINATION OF 
THE SIZE OF THE LEFT VENTRICLE IN 
CONGENITAL HEART DISEASE* 


By AGUSTIN CASTELLANOS, Sr, M.D,t and FRANCISCO A. HERNANDEZ, M.D.i 


MIAMI, FLORIDA 


RECISE anatomic diagnosis of left 

ventricular enlargement is possible bv 
complete roentgenographic and fluoroscopic 
studies. Cardiologists and radiologists are 
familiar with the importance of this finding, 
especially when other procedures, such 
as electrocardiography, vectorcardiography 
etc., are being planned. The experienced 
diagnostician realizes that any of these 
methods may produce erroneous results in 
certain cases; mild hypertrophy of the left 
ventricle is an example. Some left ventric- 
ular enlargements are missed and in some 
instances the diagnosis ot enlargement ot 
the left ventricle has proved on tollow-up 
studies to be wrong. 

It seemed to us that the end diastolic 
area of the left ventricle in the anteropos- 
terior angiogram would be a good criterion 


* 


* From the National Children's Cardiac Hospital, Miami, Florida. 


bv which to assess this chamber. Tosub- 
stantiate this belief, we determined in nor- 
mal individuals the area of this cavitv and 
correlated it with the bodv surface area 
(B.S.A.). The values in patients with the 
most frequently encountered congenital 
cardiac lesions were determined and com- 
pared with the normal. With this method 
we were able to make correlations with 
hemodynamic data and we feel that the 
results are worthy of publication. 


MATERIAL AND METHOD 


Thirteen normal cases and 75 patients 
with congenital heart disease were studied. 
Venous angiocardiograms were made with 
injection of the contrast medium into the 
right atrium, right ventricle or pulmonary 
artery or its branches, using a Cournand 
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catheter No. 5-8 with a NIH tip. Seventy- 
five per cent hypaque was employed as the 
contrast medium and 1.0-1.5 ml./kg. was 
injected for each study with a Cordis in- 
jector, the pressures ranging from soo to 
700 lb./inch*. In most of the cases, a 14 by 
14 inch biplane Schónander film changer 
was used with 4 to 6 exposures per second. 
Simultaneous recording of the electrocar- 
diogram and of each roentgenographic 
exposure by means of a Sanborn-Poly-Viso 
enabled us to correlate each roentgenogram 
with the time of the cardiac cycle at which 
it was taken. This device also proved of 
value in detecting the cardiac arrhythmias 
sometimes elicited during the procedure. 

Correction for distortion due to geomet- 
ric magnification was made by measuring 
the actual diameter of the catheter on 
roentgenograms. We found that the correc- 
tion was more accurate when the outer 
diameter of the catheter was measured on 
the first roentgenograms, in which no con- 
trast material is as yet seen. Our correction 
figures varied from Io to 25 per cent, de- 
pending on the anteroposterior diameter of 
the chest, due to the difference in the dis- 
tance from the thorax to the films, even 
though the same roentgenographic table 
was used. The patient was in a supine posi- 
tion on a thick spongy mattress. 

The areas of the left ventricular cavities 
were measured at the end of diastole by 
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means of a planimeter in cm.?. Regular car- 
diac catheterizations were performed in the 
majority of the cases prior to angiocardiog- 
raphy. Pulmonary and systemic blood 
flows were estimated according to Fick's 
principle. 

Approximately 20 minutes before angio- 
cardiography, a test dose of 2 cc. of con- 
tast medium was injected intravenously in 
order to detect any allergic reaction to 
iodine, 


RESULTS (TABLE I) 


NORMAL CASES 


Thirteen cases considered as "normal" 
were studied. A direct relationship was 
found when the end diastolic area of the 
left ventricle was plotted against the body 
surface area (B.S.A.) (m.*). The linear re- 
gression equation is Y 244-2 X=1.1932 
+ (30.1202) X r-0.992. Therefore, when 
multiplying the B.S.A. (m.*) by 30.1, the 
area of the left ventricle is obtained in 
diastole in cm.? (Fig. 1). 


CONGENITAL HEART LESIONS 


The end diastolic area of the left ventricle 
in 25 cases of ventricular septal defect, 18 
cases of atrial septal defect. 20 cases of 
pulmonary stenosis, and 12 cases of tetral- 
ogy of Fallot was plotted against the B.S.A. 
(m.?) and a direct relationship between 
both parameters was found to be present. 


TABLE I 


SUMMARY OF FINDINGS 


No. of Age (Yr.) 
Cases Range Mean 
Normal] 13 4.5731 II.I 
Ventricular Septal 
Defect 25 2.5-25 8.2 
Atrial Septal Defect 18 4.0-4.2 10.4 
Pulmonary Stenosis 20 4.5-35 Ini 
Tetralogy of Fallot 12 1.5—20 $.9 
Total 88 


Body Surface Area Pulmonary Flow Index 
(B.S.A.) (P.F.I.) 
(m.?) (L/min. /m.*) 

Range Mean Range - Mean 
0.62-1.96 Il -— — 
O.40-1.80 O.94 2.4-21.0 IO.I 
0.63-1.75 I.00 3.0-23.0 II.I 
0.62-1.80 I.IO 1.7- 6.2 3:5 
O.50—1.55 0.73 1.7— 4.4 2.9 
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linear regression equations are: 


Ventricular septal defect 

Yeaté X= 10.707 +(29.4208) VY 
Atrial septal defect 

Ye=a+h A =Q O44 (19. 4597) 
Pulmonary stenosis 


Fé X =0.343 (26.3112) X r=0.871 
Tetralogv of Fallot 
Y=a+b X10.67414- (15.0852) X r=o.8s4 


Feutricular Septal Defect. Two cases had 


some degree of mitral insufficiencv; 1 had 
isolated dextrocardia; 1 had high pulmo- 


nary resistance; and 2 showed hyperkinetic 


hypertension combined with some degree of 


vascular obstruction. Seven cases showed 
significant differential pressure from the 
right ventricle to the pulmonary artery due 
to increased left to right flow and some 
degree of infundibular stenosis, and 2 had 
corrected transposition of the great vessels. 
The remaining cases were isolated ventricu- 
lar defects and large left to right shunts 
(Hig. 2), 

In Figure 3, it can be seen that the lowest 
value was obtained in the case with high 
pulmonary resistance and the highest in 
one with significant. mitral insufficiency. 
All cases with some degree of pulmonary 
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hic. 1. End diastolic area of the left ventricle plotted 
against the body surface area (B.S.A.) qim *) in 
normal cases and in cases of ventricular septal de- 
fect (V.S.D.), atrial septal defect (A.S.D.), pul- 
monary stenosis (P.S) and tetralogy of [allot 
(T.F). Left: Normal regression line. Right: Broken 
liné~-normal regression hne; solid lines—regression 
lines of the different groups of congenital heart dis- 


ease (C.H.D.) cases. 
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Fic. 2. Ventricular septal defect demonstrated on 
frontal levo-angiozardiogram at the end of ventric- 


ular diastole, Enlarged ventricular cavity. Body 
surface area (B.S.A.): 1.41 m.?, Area of the left 
ventricular cavity: 71.2 cm Pulmonary flow in- 
dex (P.F.L): 17 L/min./m.. Left atrial diastolic 
area is also enlarged. Mitral lesion is not present. 


stenosis showed values above normal. 
Twenty-two or $8 per cent out of 24 cases 
showed ventricular areas above the normal 
regression line. 

Atrial Septal Defect. This group con- 
tained only 1 case with high pulmonary 
resistance. Eight cases had various types of 
anomalous drainage of the pulmonary veins 
(partial). 
ligure 3 shows that a case with high 
pulmonary resistance had a left ventricular 
area slightly above the normal. Forty-four 
per cent of the cases showed ventricular 
areas slightly above the normal regression 
line (Fig. 4). 


Pulmonary Stenosis. There were 4 cases 
of intundibular pulmonary stenosis; the 


remaining were valvular. One case was 
complicated by anomalous drainage of the 
upper left pulmonary vein. Patent foramen 
ovale was present in § patients. Figure 4 
shows that only 6 usu (30 per cent) had 
areas above the normal regression line; the 
majority had areas near the line. 
Tetralogy of Fallot. Three cases demon- 
strated a right s:ded aorta, 1 had a huge 
aneurysm of the right main pulmonary ar- 
tery, | had marked coarctation of the left 
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lic. 3. Plotting of end diastolic area of the left ventricle against the body surface area (B.S.A.). Left: In 
ventricular septal defect (W.S.D.). Right: In atrial septal defect (A.S.D.). Broxen line normal regression 


pulmonary resistance, Circles =increased How with increased pulmonary vascular resistance. 


main pulmonary arterv, 1 had a small 
patent ductus arteriosus, and 1 case under- 
went a laussig Blalock operation on the 
right side but the anastomosis was not 
functioning when the angiocardiography 
was performed. One case showed a left su- 
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lig. 4. Atrial septal defect demonstrated on levo- 
angiocardiogram at the end of ventricular di- 
astole, There is opacification of the right and left 
cardiac cavities and of the great vessels. The left 


perior vena cava entering the coronary 
sinus, and 1 presented a large atrial septal 
detect (pentalogy). 

Figure ¢ shows that 58 per cent of the 
cases had ventricular areas which were at 
the normal or above the normal regression 
line. Three per cent of the cases were verv 
near to the normal line. At least 2$ cases 
were discarded because of extremely faint 
opacification of the left ventricular cavities, 
consistent with very low pulmonary blood 
flow.’ 

À comparison of the normal regression 
line with that of each group of cardiac le- 
sions studied, when plotting the end dia- 
stolic area of the lert ventricle against the 
body surface area (B.S.A.) (m.?), is shown 
on the right side in Figure 1. It mav be 
noted that the regression line in cases of 
ventricular septal detect is above the nor- 
mal one, regardless of the value of the 
B.S.A. In order of frequencv, below the 
normal regression line are the lines of pul- 


ventricular area is within normal limits. Note the 
enlargement of the right ventricular cavity. 
Body surface area (B.5.4.): 0.99 m.*. Area of the 
left ventricular cavity: 32 cm.*; normal value: 
Biome: 
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Fic. 5. Plotting of end diastolic area of the left ventricle against the body surface area (B.S.A.). Left: In 
pulmonary stenosis (P.S.). Right: In tetralogy of Fallot (T. of F.). Broken line—normal regression line. 


monary stenosis, atrial septal defect and cant direct relationship was found in ven- 
tetralogy of Fallot. tricular septal defect (Fig. 64); no sig- 


nificant relationship was found in atrial 


RELATIONSHIP OF PULMONARY BLOOD FLOW septal defect (Fig. 68); and the relationship 


(P.B.F.) AND PULMONARY FLOW INDEX (P.F.1.) 
TO THE SIZE OF THE LEFT VENTRICLE 


was Inverse in pulmonary stenosis and in 


tetralogy of Fallot (Fig. 6, C and D). The 


The end diastolic area of the left ven- regression lines of these two latter groups, 
tricle in each group of congenital cardiac if drawn, would be extremely steep. This 
lesions was plotted against the pulmonary conclusion is false. In these cases of re- 
flow index (P.F.I.) (L/min./m.*). A signifi- stricted pulmonary circulation, the greater 
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Fic. 6. (4-D) Plotting of end diastolic area of the left ventricle against the pulmonary flow index (P.F.I.) 
(L/min./m.*) in the 4 groups of cardiac lesions considered. An inverse relationship appears to be present in 
pulmonary stenosis and tetralogy of Fallot. © = high pulmonary resistance. 
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Fic. 7. (A-D) Plotting of end diastolic area of the left ventricle, corrected for body surface area (cm.?/m.?) 
against the pulmonary flow index (P.F.I.) (L/min./m.?) in the 4 groups of congenital heart diseases studied. 
A direct relationship appears to be present in all of these groups between both parameters except in atrial 
septal defect in which an inverse correlation is found. © = high pulmonary resistance. 


the flow, the larger the cavity of the left 
ventricle—the opposite of the result found 
in this study. Thus, this correlation is not 
reliable. 

The pulmonary flow index (P.F.I.) (L/ 
min./m.?) was plotted against the size of 
the left ventricle corrected for the body 
surface area (B.S.A.) (cm.?/m.?). Figure 7, 
A-D, shows that a direct correlation was 


V.S. D. 
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A.S.D. 





found in ventricular septal defect, pulmo- 
nary stenosis and tetralogy of Fallot but 
the relationship was inverse in atrial septal 
defect. This means that the larger the 
P.F.l, the smaller the left ventricular 
cavity, although if the regression line were 
drawn, this would be near the horizontal 
line. This result 1s as expected. 


When the pulmonary blood flow (P.B.F.) 


TE © 





i0 15 2 26 


P. B.F, ( L/ MIN: ). 


Fic. 8. (4-D) Plotting of end diastolic area of the left ventricle against the pulmonary blood flow (P.B.F.) 
(L/min.) in the 4 groups of congenital heart diseases studied. A direct relationship appears to be present in 
all of these groups between both parameters, even though much less evident in atrial septal defect. © = 


high pulmonary resistance. 
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(L/min.) was plotted, a direct relationship 
was found to be present in the 4 groups of 
cardiac lesions considered (Fig. 8, 4—D). 


DISCUSSION 


The determination of the presence or 
absence of left ventricular enlargement 1s 
necessary for the diagnosis of certain con- 
genital and acquired cardiac diseases. Clas- 
sically, the behavior of the left ventricle is 
similar to that of the left atrium in cases of 
patent ductus arteriosus and ventricular 
septal defect, in which enlargement of the 
left ventricular cavity has been considered 
a common finding.9:5:512,18,15,17,19,20,2? Never- 
theless, although well known, the small size 
of the left ventricular cavity in cases of 
atrial septal defect is rarely emphasized. 
Also, in mitral and aortic diseases, the as- 
sessment of the anatomic condition of the 
left ventricle is an important aid in the di- 
agnosis. 

To date, roentgenographic examination 
by fluoroscopy and plain roentgenography, 
primarily in the left anterior oblique posi- 
tion, and delineation of the esophagus by 
opaque barium mixtures have been used in 
the determination of the size of the left 
ventricle. However, in some situations, a 
diagnosis of slight or moderate enlargement 
of the left ventricle cannot be accurately 
made. Laminagraphy has also been tried 
but has not been found to be of additional 
value. So far, levo-angiocardiography or 
left ventriculography, because of the re- 
sultant dense opacification of the left 
ventricular cavity, appears to be the best 
method for the assessment of the size of 
this cardiac chamber. 


ANGIOGRAPHIC PROCEDURES 


Three different angiocardiographic pro- 
cedures may be utilized in the evaluation 
of the left ventricle: (1) the estimation of 
the volume or capacity of this cavity in 
systole and diastole; (2) the measurement 
of the transverse and longitudinal diameter 
of the cavity in two projections, anteropos- 
terior and lateral or both oblique; and (3) 
the measurement of the area in cm.* in end 
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systole and end diastole in anteroposterior 
projection. 

The first procedure requires bi-plane 
studies. Accurate mathematical formulas 
have been developed for frontal and lateral 
projection and also for both oblique posi- 
tions. The capacity or volume of the left 
ventricle? is expressed in ml., using a rapid 
film changer and cine-angiocardiography 
for this purpose. ?7^91091515 Another for- 
mula has been devised for the measurement 
of the left atrial cavity,? which gives very 
informative results. The objections, how- 
ever, are: (a) that the cavity of the left 
ventricle may be quite different from the 
geometric configuration to which the math- 
ematical formula is applied; and (b) that 
very expensive equipment is needed. 

Measurement of the transverse and 
longitudinal diameters is a practical way 
by which to estimate the size of the cardiac 
chamber. Nevertheless, it is not reliable 
when the configuration of the cavity is 
bizarre or unusual. 

Measurement of the end diastolic area of 
the left ventricle in cm.? gives a “dimen- 
sion" of greater value than the diameters. 
When this area is larger than normal, the 
volume or capacity of the left ventricle 1s 
expected to exceed the normal value as 
well. On the other hand, a small area of the 
left ventricle in frontal projection means 
that the capacity or volume is below nor- 
mal. In other words, there is a direct 
relationship between the area in frontal 
projection and the volume or capacity, 
expressed by a figure (in cm.?), which can 
be used to accurately assess the size of the 
left ventricle and compare it with the nor- 
mal value. The approximate end diastolic 
area of the left ventricle in normal individ- 
uals is obtained by multiplying the B.S.A. 
(m.?) by the factor 30.1 cm.?. Prior studies? 
showed that the end diastolic area of the 
left atrium in normal persons can be ob- 
tained by multiplying the B.S.A. (m.?) by 
the factor 23.5; thus, the area of the left 
atrium 1s smaller than the area of the left 
ventricle. With this in mind, in all cases in 
which the end diastolic area of the left 
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atrium 1s significantly greater than the end 
diastolic area of the left ventricle, the 
presence of mitral disease or other cardiac 
abnormality should be suspected. 


LIMITATIONS OF ANGIOGRAPHY 


In the estimation of the volume of the 
left ventricle by angiocardiography, there 
are some limitations. The displacement of 
the heart due to mediastinal masses, pleural 
effusion, etc., an abnormal position of the 
heart as in agenesis of one lung, extreme 
rotation of the heart, etc., render the 
method inapplicable. In cases of very large 
left to right shunt at the atrial level, it is 
sometimes difficult to delineate sharply 
the outline of the left ventricular cavity. 
In cases of restricted pulmonary circulation 
(pulmonary stenosis and tetralogy of Fal- 
lot), the opacification of the left ventricular 
cavity in the levo-angiocardiogram is very 
faint because of the very low pulmonary 
flow. The injection should be made into the 
main pulmonary artery or into the outflow 
tract of the right ventricle to obtain denser 
opacification of this cavity. 


COMMENT 


In our series, 84 per cent of the cases of 
ventricular septal defect, 44 per cent of 
those with an atrial septal defect, 33 per 
cent with pulmonary stenosis and 58 per 
cent with tetralogy of Fallot were found to 
have above normal values. In addition to 
the regression line, however, the value of 
“r” should be kept in mind. The percentage 
of studies showing above or below normal 
regression lines is not an accurate evalua- 
tion of the size of this cavity in each group 
of congenital cardiac lesions. In all groups, 
a variable number of regression lines were 
so near the normal that they could be con- 
sidered as normal instead of slightly above 
or below the normal. 

Some findings are of special interest. 
Unless a small defect is present, all uncom- 
plicated cases of ventricular septal defect 
should'be assumed as being associated with 
a large left ventricular cavity. Conversely, 
atrial septal defect 1s accompanied by a 
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small left ventricular cavity. Pulmonary 
stenosis and tetralogy of Fallot are gen- 
erally associated with a normal sized or 
smali left ventricular cavity. Findings 
which differ markedly from these should 
alert the radiologist to the possible presence 
of anatomic abnormalities of the internal 
structure of the heart or the pulmonary 
vascular tree, or to other peculiar hemo- 
dynamic conditions. 

The estimation of the size of the left 
ventricle seems to be useful in the differen- 
tial diagnosis or evaluation of cases of septal 
defect associated with pulmonary hyper- 
tension. All cases with high pulmonary 
resistance, as a rule, show a smaller than 
normal left ventricular cavity. In hyper- 
kinetic pulmonary hypertension, the left 
ventricular cavity 1s markedly or slightly 
enlarged. In cases with secondary pulmo- 
nary vascular occlusive disease associated 
with a significant increase of flow,!? the 


results are variable. As described by 


Nadas,'* pulmonary hypertension origi- 
nates from a combination of increased 
resistance and increased flow (P=RXQ). 
An analysis of our series of cases reveals 
that the left ventricular cavity 1s slightly 
or moderately enlarged but never smaller 
than normal. Knowledge of the size of this 
cavity may be very helpful in the patho- 
physiologic approach in each case. 

Cases of pulmonary stenosis which, in 
spite of severe lesions, show an end diastolic 
area of the left ventricle which is not 
smaller than normal may represent cases 
where a significant amount of blood passes 
through the patent foramen ovale, thereby 
increasing the amount of blood reaching the 
cavity of the left ventricle. 

In some cases of tetralogy of Fallot, 
surprisingly, we have not found the small 
ventricle we expected. We feel that there 
may be several possibilities: (1) Normally 
the ventricular septum is oblique, forward 
and to the left; in tetralogy of Fallot it 1s 
transverse. It is conceivable that the 
thickened ventricular septum and the 
clockwise rotation of the heart may be cap- 
able, in some cases, of changing the shape 
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and the area of the left ventricular cavity in 
frontal position. (2) Significant right to left 
shunt through the patent foramen ovale or 
through a large septal defect (pentalogy) 
would increase the blood flow to the left 
ventricle. (3) In the case of a left superior 
vena cava entering the left atrium, the 
blood reaching the left ventricle 1s increased. 
(4) Also, markedly increased bronchial cir- 
culation may cause an increase in the blood 
flow to the left ventricle. 

The normal regression line, correlated 
with the B.S.A. (m.?), was compared with 
those in each group studied. Ín general, 
cases of ventricular septal defect showed a 
regression line above the normal; pulmo- 
nary stenosis, atrial septal defect and te- 
tralogy of Fallot cases showed regression 
lines below the normal. These findings are 
compatible with the pathophysiologic char- 
acteristics of each anomaly. 


CORRELATION WITH HEMODYNAMIC VARIABLES 


Studies were made for the correlation of 
the following three hemodynamic vari- 
ables with the end diastolic area of the left 
ventricle: (1) Pulmonary flow index 
(P.F.I.) (L/min./m.?) and the end diastolic 
area of the left ventricle without any cor- 
rection for the B.S.A. (m.?) (Fig. 6, 4—D). 
(2) Pulmonary flow index (P.F.I.) (L/min./ 
m.?) and the end diastolic area of the left 
ventricle corrected for the B.S.A. (cm.?/ 
m.* (Fig. 7, A-D). (3) Pulmonary blood 
flow (P.B.F.) (L/min.) and the end dia- 
stolic area of the left ventricle without any 
correction (Fig. 8, /£-D). 

The most valuable study proved to be 
the correlation of tlie end diastolic area of 
the left ventricle, corrected for the B.S.A. 
(cm.?/m.*), with the pulmonary flow index 
(P.F.I.) (L/min./m.?). A direct relationship 
was found in ventricular septal defect, 
pulmonary stenosis and tetralogy of Fallot, 
as expected, while cases of atrial septal 
defect showed an inverse relationship; #.¢., 
a small left ventricular cavity was found 
when a large left to right shunt was present 
and vice versa. This correlation is felt to be 
reliable since both parameters are reduced 
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to a common denominator, that is, to the 
square meter (m.?). 


CONCLUSION 


We believe that the estimation of the 
left ventricular cavity by the angiocardio- 
graphic method described is valuable and 
accurate. The size of the cavity is expressed 
as a square measure; f.e., by its end dia- 
stolic area (cm.?). Despite the fact that the 
capacity or volume of the cardiac chamber 
Is not estimated, the enlargement or dimi- 
nution of the size of this cavity can be de- 
termined precisely. 


SUMMARY 


I. The end diastolic area of the left 
ventricle in frontal angiocardiograms has 
been determined in 13 normal cases and the 
results were plotted against the body sur- 
face area (B.S.A.) (m.?). Regression lines 
were thus obtained. 

2. This area was also estimated in 7; 
cases of congenital heart disease. T'wenty- 
five were cases of ventricular septal defect; 
18 of atrial septal defect; 20 of pulmonary 
stenosis; and 12 of tetralogy of Fallot. Re- 
gression lines for each group were obtained. 

3. In anteroposterior projection the nor- 
mal value may be found by multiplying the 
body surface area (B.S.A.) (m.*) by 30.1 
cm.^ 

4. In uncomplicated ventricular septal 
defect, the end diastolic areas of the left 
ventricle were larger than normal. In the 
presence of high pulmonary resistance, 
most cases showed a left atrium of smaller 
size than normal. Eighty per cent of the 
cases of ventricular septal defect, 44 per 
cent of atrial septal defect, 30 per cent of 
pulmonary stenosis and 598 per cent of te- 
tralogy of Fallot were found to have normal 
or above normal values. 

5. When the normal regression line was 
compared with those of each group of con- 
genital heart disease (C.H.D.),it was found 
that cases of ventricular septal defect 
showed lines above those of normal, while 
cases of pulmonary stenosis, atrial septal 
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defect and tetralogy of Fallot had below 
normal lines. 

6. The described method for the estima- 
tion of the size of the left ventricular cavity 
has allowed the correlation of the pulmo- 
nary blood flow (P.B.F.) (L/min.), or the 
pulmonary flow index (P.F.L) (L/min./ 
m.*) with the end diastolic area of the left 
ventricle, either corrected or uncorrected 
for the B.S.A. The differences found in 
cases of atrial septal defect are discussed. 

7. The method is accurate and easy to 
perform. Single plane studies only are re- 
quired. Pathophysiologic studies can be 
performed with correlation of different 
variables. This cannot be done when the 
size of the left ventricle is estimated by 
other methods. 


Agustin Castellanos, Sr., M.D. 
Variety Children’s Hospital 
6125 S.W. 31st Street 

Miami, Florida 33155 


The authors are very grateful to the Division 
of Biometry, University of Miami School of 
Medicine, for its statistical assistance. 
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THE ASSESSMENT OF MITRAL VALVE LESIONS 
WITH CINE LEVOANGIOCAR DIOGRAPHY* 
By J. E. WHITLEY, M.D., L. B. LEINBACH, M.D., 
and H. S. MILLER, M.D. 


WINSTON-SALEM, NORTH CAROLINA 


OCITA rheumatic valve lesions, in- 
cluding those of the mitral valve, present 
no major clinical diagnostic problem. How- 
ever, the determination of the severity and 
clinical significance of a lesion in the pres- 
ence of multiple murmurs and/or presumed 
multiple valve involvement can be difficult. 

Several years prior to the advent of valve 
replacement, the patient suspected of hav- 
ing other than solitary mitral stenosis was 
usually studied with catheterization alone. 
This approach was terminated by our ex- 
perience with 2 patients who were errone- 
ously submitted to surgery for correction of 
mitral stenosis by closed commissurotomy. 
Both had marked mitral insufficiency and 
1 died at surgery. Since then cardiac cathe- 
terization and angiography were under- 
taken routinely in patients with suspected 
multiple lesions so as to exclude the pa- 
tients who would not be helped by mitral 
commissurotomy. With the development of 
valve prosthetic devices, these techniques 
have been employed to aid in the selection 
of the type of surgical procedure to be 
employed. In view of the fact that in most 
institutions an appreciable difference exists 
in the surgical mortality of open and closed 
heart procedures and between single and 
multiple valve replacement operations, 
these procedures have more than an aca- 
demic significance. 

The accuracy of levoangiocardiography 
in the assessment of the severity of valvular 
lesions of the left heart has been reported 
by several authors.?^* 59, In all of these 
studies, a rapid film changer was used. Be- 
cause of the temporary instability of our 
Schónander film changer, we began and still 
employ a cine technique with a 9 inch (22 
cm.) image amplifier (Picker amplifilmer). 


TECHNIQUE 


The angiocardiography has routinely 
been performed in conjunction with cathe- 
terization and recording of pressure studies. 
A detailed description of the pressure curve 
analysis will be published elsewhere. 

Injections were made into the left atrium 
via a trans-septal catheter, into the left 
ventricle via a catheter passed retrograde 
across the aortic valve and, if there was any 
clinical suggestion of aortic valve disease, 
into the ascending aorta. Twenty to 40 cc. 
of ditriokon (diprotrizoate and diatrizoate 
mixture) was injected according to the 
estimated volume of the chamber injected. 
Using a Taveras injector, a pressure of 275 
pounds per square inch through a No. 8 
French 70 cm. catheter was employed for 
the left atrial injections and 625 pounds per 
square inch through a No. 6 N.I.H. catheter 
for the ventricular and ascending aortic in- 
jections. Filming was almost uniformly ac- 
complished with 30 frames per second, be- 
ing reduced to 15 frames per second in pa- 
tients with larger hearts. For ventricular 
and atrial injections, left lateral and/or 
right anterior oblique projection studies 
were made. For ascending aortic injections, 
left lateral studies were obtained. 


METHODS OF ANALYSIS 


A retrospective analysis of 67 patients 
who had had a complete catheterization 
with a cine study and examination of the 
mitral valves at surgery was made. 

The surgical estimates of the severity of 
the lesions were routinely performed by one 
or more of the 3 attending cardiac surgeons 
at this institution. Stenotic lesions were 
estimated by palpation and/or inspection. 
The estimates were recorded in square cen- 


* From the Departments of Radiology and Medicine, Bowman Gray School of Medicine, Winston-Salem, North Carolina. 
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Fic. 1. Mitral stenosis. Emptying time of the left 
atrium expressed in ventricular cycles versus 
surgical estimate of the size of mitral valve 


à e ~ "M . , " i 
E 2 orifice. Closed circles indicate cases with auricular 
k hbrillation. X's represent individuals with normal 
7 sinus rhythm, 

e d 

= 

Š 

t 

> = 

à i 

3 

— 

9 

X 

ï 0. 


palpation of the jet and expressed either in 
cubic centimeters per beat or by classifica- 
tion into 4 grades: absent, mild, moderate, 
and severe. 

The cine angiocardiographic estimates 
timeters from prior planigraphic measure- were made independently of the cathe- 
ments of various levels on their examining terization data. The lesions of stenosis and 
fingers. Insufficiency was estimated by insufficiency of the mitral valve were 
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Number of Ventricular Cycles to Empty Left Atrium 





hic. 2. Individual cine frames following left ventricular injection. (4) Mild mitral insufficiency. Faint 
opacification of minimally enlarged left atrium. Note the head of the contrast medium beyond the aortic 
arch. (5) Moderate insufficiency. Opacification of a large left atrium. The leading edge of the contrast 
material is beyond the ascending aorta. (C) Marked insufficiency. Marked opacification of massive left 
atrium, The leading edge of the contrast medium is at the level of the sinuses of Valsalva. LA — left atrium; 
A - aorta; LV —left ventricle. 
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graded as absent, mild, moderate or 
marked. 

Using the published angiographic criteria 
for the evaluation of mitral valve lesions, 
i.e., those possible with cine studies, the 
following factors were analyzed and graded 
o to 3 (absent, mild, moderate or marked): 


I. Size of the left atrium. 

2. Size of valve jet (prograde and retro- 
grade). 

3. Number of ventricular cycles to 
empty the left atrium after the end of 
atrial injection. 

4. Degree of opacity of left atrium fol- 
lowing ventricular injection. 

5. Number of ventricular cycles to reach 
maximum left atrial opacity after 
ventricular injection. 

6. Position of the leading edge of the 
bolus in the aorta (valve, ascending, 
arch, descending) at the time of com- 
plete opacification of the left atrium. 

7. Size of the left ventricle. 


This general evaluation and the specific 
signs were correlated with the surgical data. 


RESULTS 


The left atrial size correlated generally 
with the degree of mitral valvular disease, 
being "moderately" and “markedly” en- 
larged in severe combined lesions and 
lesions with predominant insufficiency. 
However, it was occasionally only “mildly” 
enlarged in cases with severe, relatively 
pure stenotic lesions. 

The size of the regurgitant jet correlated 
generally with the degree of insufficiency 
judged at surgery. A distinct prograde jet 
was visualized only in one-third of the 
cases of mitral stenosis. 

The number of ventricular cycles re- 
quired to empty the left atrium seemed to 
correlate with the degree of mitral stenosis. 
In cases of predominant and relatively pure 
stenotic lesions, there was good correlation. 
The presence of atrial fibrillation versus 
normal sinus rhythm appeared to have an 
effect on this phenomenon (Fig. 1). 

The extent and degree of left atrial opact- 
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fication following left ventricular injection 
generally correlated well with the degree of 
regurgitation. The number of ventricular 
cycles to reach maximum left atrial opacity 
alone is of limited value and rhythm depen- 
dent (Fig. 2, 4-C). 

The position of the leading edge of the con- 
trast agent in the thoracic aorta at the time 
the left atrium is completely opacified 
(following left ventricular injection) cor- 
related well with the degree of regurgitation 
recorded at surgery. Because of the size of 
the field, this sign could be assessed in only 
about one-half of the cases. 

The size of the left ventricle generally cor- 
related with the degree of mitral insuffi- 
ciency. 


DISCUSSION 


MITRAL STENOSIS 


The evaluation of the severity of mitral 
stenosis as an isolated or predominant 
lesion can be accomplished by levocinean- 
giography. Visualization of a jet is an in- 
consistent phenomenon which may be due 
to the difficulty of obtaining a “profile” 
view of the mitral valve? and the size of the 
left atrium seems to bear little relationship 
to the severity of the stenosis. However, the 
number of ventricular cycles necessary to 
empty the atrium 1s a consistent correlating 
factor and must be judged in respect to the 
atrial rhythm. In cases of significant mitral 
insufficiency, the severity of a stenotic 
lesion cannot be judged by injection of the 
left atrium alone. 

Left atrial-ventricular diastolic pressure 
gradients before and, particularly, after 
levoangiocardiography are probably the 
methods of choice in evaluating the sever- 
ity of mitral stenosis, particularly, in cases 
with significant mitral insufficiency. 


MITRAL INSUFFICIENCY 


Mitral insufficiency 1s conveniently and 
accurately evaluated by left ventricular 
injection in cases with relatively pure or 
mixed lesions. As previously described,^* 
an accurate method is by the quantitation 
of the opacity in the left atrium relative to 
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its size. A moderate sized regurgitant jet 
may be severely diluted in a massive en- 
larged left atrium and thus underestimated 
unless this quantitation is performed. The 
position of the leading edge of the bolus in 
the aorta (as originally described by Björk 
et al?) was also found to be an accurate 
indicator of severity. The volumetric 
assessment of chamber size as proposed by 
Arvidsson! seems unnecessary for clinical 
assessment. 

As our experience has increased, the 
clinical importance of valvular calcifica- 
tion has become more apparent, and studies 
of the mitral valve lesions are now rarely 
performed in individuals with extensive 
mitral valvular calcification. Because of 
previous experience, we feel that these pa- 
tients do poorly with closed commissu- 
rotomy and they are operated on with the 
open heart technique regardless of the rela- 
tive degree of stenosis and insufficiency. 


CONCLUSIONS 


Levoangiocardiography can aid in the 
assessment of the severity of mitral stenosis 
in cases of pure and relatively pure lesions. 
Injection into the left atrium and left 
ventricle is necessary to assess the severity 
of stenosis in a mixed stenotic and insufh- 
ciency lesion of the mitral valve. The 
severity of mitral stenosis cannot be evalu- 
ated simply and the rhythm of the heart 
must be considered in all cases. The dia- 
stolic gradient across the valve after an- 
giography (or some similar stress) is 
thought to be more accurate. 

Levoangiocardiography with left ventric- 
ular injection alone is a simple and accurate 
technique for evaluating mitral insufh- 
ciency in a pure or mixed state. The degree 
of left atrium opacification correlated with 
the size of the left atrium is the most accur- 
ate indicator. Where it could be observed, 
the position of the leading edge of the 
bolus in the aorta at the time of complete 
left atrial opacification seemed equally 
accurate. This angiographic technique is 
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probably better and certainly more direct 
than pressure curve analysis. 

The cine technique seems a reasonable 
alternative to the classic simultaneous bi- 
plane large film study described in the 
majority of the articles on the subject, 
since chamber volume assessment seems 
unnecessary. In cases of isolated mitral 
valvular disease with extensive calcifica- 
tion, neither catheterization nor angio- 
graphic studies seem clinically indicated 
prior to open heart surgery. 


Joseph E. Whitley, M.D. 
Department of Radiology 
The Bowman Gray School of Medicine 
Winston-Salem, North Carolina 27103 
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NEW CONCEPTS IN DEXTROCARDIA* 
ANGIOCARDIOGRAPHIC CONSIDERATIONS 


By KENT ELLIS, M.D., RICHARD J. FLEMING, M.D., SYLVIA P. GRIFFITHS, M.D., 
and A. GREGORY JAMESON, M.D. 


NEW YORK, NEW YORK 


1B 55 s a positional anom- 

aly in which the heart 1s predomi- 
nantly in the right hemithorax, has been a 
fascinating curiosity since ancient times. 
Advent of the stethoscope and more par- 
ticularly of the roentgenographic examina- 
tion of the chest facilitated ante mortem de- 
tection of dextrocardia and stimulated the 
search for better understanding of the 
anomaly. It was soon appreciated that 
several types of dextrocardia existed and 
that some were regularly associated with 
other malformations of the heart which re- 
sulted in serious cardiac disability. 

Three to five per cent of individuals with 
congenital heart disease have dextrocardia. 
With accurate diagnosis surgical correction 
of some of the associated anomalies in these 
patients is now possible. The radiologist 
has a special position in this problem of 
dextrocardia, not only because of the orig- 
inal roentgenographic demonstration of 
the anomaly, but also because precise pre- 
operative delineation of cardiac anatomy in 
these complex cases can only be done by 
angiocardiography. 

This report is concerned with primary 
congenital dextrocardia, not with dextro- 
cardia secondary to congenital extracardiac 
factors (as chest wall anomalies, lung hypo- 
plasia, hernias, etc.) nor with acquired dex- 
trocardia (due to lung resection, atelectasis, 
etc.). Our study is based upon 59 cases of 
dextrocardia seen during the past 9 years. 
The ages ranged from 1 day to 68 years. All 
had chest roentgenograms. Angiocardio- 
graphic examination was performed in 40 
cases; I3 of these and 8 others were 
examined at necropsy. The remaining 11 
cases, including 6 with situs inversus, have 
not yet been studied by angiocardiography. 


ANATOMIC AND DEVELOPMENTAL 
CONSIDERATIONS 


Identification of visceral and atrial situs 
(or position) development and recognition 
of two types of bulboventricular loop de- 
velopment are essential to understanding 
primary congenital dextrocardia. The some- 
times associated anomaly, transposition of 
the great vessels, will be discussed in a later 
section. 


A. SITUS OF VISCERA AND ATRIA 


Determination of viscero-atrial situs is 
the first step in analysis of dextrocardia. 
Situs solitus refers to usual or normal 
viscero-atrial relationships. Situs inversus, 
on the other hand, is the inverse or appar- 
ent “mirror-image” of situs solitus (inver- 
sion here means opposite or “‘mirror-image”’ 
development of right and left relationships 
with preservation of ventrodorsal relation- 
ships). Indeterminate or mixed situs de- 
velopment may also occur—often with sym- 
metric instead of the normal asymmetric 
liver formation and sometimes without a 
spleen (asplenia). 

Chest roentgenograms establish the diag- 
nosis of dextrocardia. The gastric air bubble 
and the liver shadow indicate with con- 
siderable certainty whether situs solitus, 
situs inversus or indeterminate visceral 
situs is present. 

The situs of the great veins and viscera, 
particularly of the liver, indicates the atrial 
situs with great accuracy.” In normal de- 
velopment, situs solitus, the right atrium is 
on the right; in situs inversus, as might be 
predicted, the anatomic right atrium is on 
the left. Since the atria are attached to the 
great veins, they are relatively fixed in a 
position dorsal to the ventricles. 


* From the Departments of Radiology and Pediatrics, College of Physicians and Surgeons, Columbia University, and the Radic 
logical Service and the Cardiovascular Laboratory of the Presbyterian Hospital in the City of New York, New York. 
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D. BULBOVENTRICULAR LOOP FORMATION 

Ihe human fetal heart develops from a 
primitive tubular. structure. formed by 
fusion of two adjacent endothehal tubes. 
The still paired sinus venosus, the atrium, 
the ventricle, the bulbus and the truncus 


are connected in series as shown diagram- 


matically in Figure 1.7. This tubular heart 
bends as 1t loses its dorsal mesocardium in 
the bulboventricular region and also 
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lengthens more rapidly than the pericardial 
cavity. There are two major possibilities, 
ie., a rightward or a leftward bending of the 
cardiac tube. In normal heart dev elopm ent, 
this bending oi the m REANA region 


Alternately and d e Medus 'entricu- 
lar loop bends op; »ositely to the left (dis- 
cordant L-LOOP), Concordance here refers 
to normal or expected bulboventricular 


Situs 


No rmal 


Schematie 
Straightened 
Primitive 








| Atrium 


Sinus +x 
enosus 








Fic. 1. Diagrams of cardiac development in situs solitus. (4) On the leftisa diagram of primitive tubular heart 


wit truncus, bulbus, ventricle 


and atrium in series. In the middle are 2 


diagrams showing the norma! 


(concordant) pends of the bulboventricular loop to right (D-LOOP). On the right 2 diagrams show ab- 
normal (discordant) bowing of the bulboventricular loop to left (L-LOOP). 


D-LOOP 








LÀ Aorta 
PA Pulmonary Artery 


AV Atrioventricular Canal 


Fic. 1. CB) Frontal hemisections of bulboventricular loop. Note in D-LOOP 


is on right and th 
verted 
anatomic right ventricle. 


oan or id ix Buon with PI to 


in situs inversus; 
con md ' an dug opr iate L-LOOP i 
situs solitus or a D-LOOP in situs inversus 
is regarded as discordant. Discordant bow- 
ing of the bulboventricular loop, e.g., a dis- 
cordant L-LOOP in situs solitus, is thought 
to be the fundamental defect (bulboventri- 
cular inversion) in the cardiac anomaly re- 
ferred to as “congenitally corrected trans- 
position of os great vessels." 


De la Cruz e¢ aL* and recently Van 
Praagh ef aL» have brilhantly discussed 
dextrocardia and the latter have designated 


D dH i Ed of n bulboventricular ar 


an /L-LOOP. In Fi igure PUE iB e e di: ds 
grams in frontal heridos show the con- 
sequences of normal concordant D-LOOP 
and of discordant L-LOOP formation in 
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L-LOOP 





RV Anatomic Right Ventricle 
LV Anatomic Left Ventricle 


development the right ventricle 


e left ventricle is on left. In L-LOOP development the ventricular positions are in- 
-vand characteristically transposition of the great vessels is present, Le., the aorta arises from the 


situs solitus. Certain features of cardiac 
development which pertain to the position 
of the ventricles and great vessels should be 
particularly noted: 

|. The anatomic right ventricle deve ‘lops 
from the bulbus, and the anatomic left 
ventricle from the primitive ventricle. As 
can be seen from the diagrams in Figure i, 
4, B and C the anatomic right Mns 
(bulbus) is positioned on the right of the 
anatomic left ventricle when the bulbo- 
ventricular loop bends to the right, 
D-LOOP (normal or concord ant in situs 


solitus but discordant in situs inversus). 
Conversely, when the bulboventricular 


ru bends to the left, the anatomic right 
ventricle is positioned to the lett of de an- 


atomic left ventricle, L-LOOP, (discordant 
in situs solitus but UM ae in situs in- 
iie. 


. When bulboventricular loop develop- 
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Fic. 1. (C) The concordant D-LOOP development when completed results in the normal left sided heart in 
situs solitus. Discordant L-LOOP development, if complete, results in the anomaly known as “corrected 
transposition of the great vessels." Quite often the ventricles produced by an L-LOOP will shift to right to 
produce a type of dextrocardia. Cardiac loop development is usually completed by the end of second 


month of fetal life. 


ment is discordant to viscero-atrial situs 
(L-LOOP in situs solitus or D-LOOP in 
situs inversus), transposition of the great 
vessels is regularly present. This type of 
transposition is potentially congenitally 
corrected because the atrioventricular con- 
nections are also reversed (the anatomic 
right atrium is connected to the anatomic 
left ventricle, but, because of the great 
vessel transposition, this anatomic left ven- 
tricle is connected in turn to the pulmonary 
artery. Similarly, the anatomic left atrium 
is connected to the anatomic right ventricle 
and this to the transposed aorta). 

3. The truncus arteriosus has a relatively 


cephalad and ventrad position in the em- 
bryo. Thus the outflow valve (semilunar 
valve) connecting the anatomic right ven- 
tricle (bulbus) to the truncus is characteris- 
tically cephalad and ventrad in position— 
regardless of the type of situs or bulboven- 
tricular loop—or of the presence or absence 
of transposition of the great vessels. The 
other semilunar valve which is transferred 
to the anatomic left ventricle (primitive 
ventricle) 1s necessarily dorsad and caudad 
to the semilunar valve of the anatomic right 
ventricle. 

4. Although the bulboventricular loop 
initially bends to the right (D-LOOP in 
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situs solitus) the ventricular region of the 
heart later shifts to the left to form the nor- 
mal left-sided heart. Conversely, despite 
initial bending of the bulboventricular loop 
to the left in situs inversus (concordant 
L-LOOP) the ventricular region of the 
heart shifts later to the right to produce 
"mirror-image" dextrocardia. Thus, a con- 
cordant D-LOOP characteristically pro- 
duces a left-sided heart and a concordant 
L-LOOP typically produces a right-sided 
heart. 

In contrast, when bulboventricular loop 
formation is discordant or inappropriate to 
viscero-atrial development, the later shift 
of the ventricular region to the side oppo- 
site that of initial bowing of the bulboven- 
tricular loop tends to occur but usually does 
not actually take place. Extrinsic factors 
probably interfere. 


MECHANISMS IN THE PRODUCTION 
OF DEXTROCARDIA 


Consideration of the viscero-atrial situs 
together with the direction of bulboventri- 
cular loop bending suggests several mecha- 
nisms that are involved in the production of 


dextrocardia (Fig. 2, 4—£). 


TYPE IA—DEXTROCARDIA IN SITUS SOLITUS 
WITH CONCORDANT D-LOOP 

In normal development, the bulboventri- 
cular loop bends initially to the right, 
placing the ventricular region and particu- 
larly the future right ventricle (bulbus) on 
the right (situs solitus with concordant 
D-LOOP). During the second month of 
fetal life, the ventricular region normally 
shifts toward the left and rotates clockwise 
to produce the normal left-sided heart and 
to place the right ventricular outflow tract 
on or close to the left heart border. 

Failure of this final leftward shift of the 
ventricles is the basis for Type IA dextro- 
cardia (Fig. 24). 


TYPE IB—DEXTROCARDIA IN SITUS SOLITUS 
WITH DISCORDANT L-LOOP 
Conversely, when the discordant bulbo- 
ventricular loop bends to the left, 1t places 
the bulboventricular region and particu- 
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larly the future anatomic right ventricle on 
the left (situs solitus with discordant 
L-LOOP). Both ventricles tend later to 
swing to the right, mimicking inversely the 
normal ventricular development. 

A marked rightward shift of the discor- 
dant ventricles produces Type IB dextro- 
cardia (Fig. 2B). 


TYPE IIA-——DEXTROCARDIA IN SITUS 
INVERSUS WITH CONCORDANT L-LOOP 
(mirror-image dextrocardia) 

In situs inversus, “mirror-image” de- 
velopment of the normal usually occurs 
with the bulboventricular loop bending 
initially to the left placing the ventricles 
mainly on the left (situs inversus with con- 
cordant L-LOOP). Subsequently, the ven- 
tricular region swings to the right producing 
the “mirror-image” of the normal heart. 

This normal development in situs in- 
versus results in Type IIA dextrocardia 
(Fig. 2C). 


TYPE IIB—DEXTROCARDIA IN SITUS 
INVERSUS WITH DISCORDANT D-LOOP 


In situs inversus, a discordant bulbo- 
ventricular loop bends initially to the right, 
placing the ventricular region and particu- 
larly the future anatomic right ventricle 
(bulbus) mainly on the right (situs inversus 
with discordant D-LOOP). The ventricular 
region later tends to swing toward the left. 

Failure of this final leftward shift of the 
discordant ventricles is the basis for Type 
IIB dextrocardia (Fig. 2D). 


TYPE IIH—DEXTROCARDIA IN INDETERMINATE SITUS 


When viscero-atrial situs development ts 
not dominated by either right-sided or left- 
sided structures but rather is abnormally 
symmetric, situs development 1s regarded 
as indeterminate. Concordance and discor- 
dance in bulboventricular loop formation is 
no longer meaningful though D, L or in- 
determinate loops may be present. 

Dextrocardia in indeterminate situs 1s 
the Type III dextrocardia (Fig. 2E). 

Rarely, bulboventricular loop develop- 
ment also is indeterminate, i.e., neither 


typical D-LOOP nor typical L-LOOP de- 
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Fic. 2. 
(4) Type IA. Dextrocardia in situs solitus with concordant D-LOOP. 
(B) Type IB. Dextrocardia in situs solitus with discordant L-LOOP. 
(C) Type IIA. Dextrocardia in situs inversus with concordant L-LOCP. 
(D) Type IIB. Dextrocardia in situs inversus with discordant D-LOOP. 
(E) Type III. Dextrocardia in indeterminate situs. 
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velopment occurs, but rather the loop 
develops in some other way, most often by 
bowing dorsally.” Though extremely rare, 
and then usually associated with a common 
ventricle, this category is included for 
completeness in our classification of dextro- 
cardia (Types IC, IIC and HIC). 

On the basis of these variations in 
viscero-atrial situs and in bulboventricular 
loop development a classification of dextro- 
cardia is suggested: 


CLASSIFICATION OF DEXTROCARDIA 
I Situs Solitus 


A. Concordant—D-bulboventricular loop 
B. Discordant—L-bulboventricular loop 
C. Indeterminate bulboventricular loop 


II Situs Inversus 
A. Concordant—1L-bulboventricular loop 
(mirror-image dextrocardia) 
B. Dtscordant—D-Sulboventricular loop 
C. Indeterminate bulboventricular loop 


HI Indeterminate Situs (includes asplenia) 


A. D-bulboventricular loop 
B. L-bulboventricular loop 
C. Indeterminate bulboventricular loop 


ANGIOCARDIOGRAPHIC DEMONSTRATION 
OF THE HEART CHAMBERS 


Angiocardiography is essential to the 
delineation of bulboventricular loop de- 
velopment: cardiac chambers must be iden- 
tified and the great vessels must be demon- 
strated. 

The positions of the atria, most reliably 
indicated by viscero-atrial situs on roentgen 
and angiocardiographic examination, are 
also usefully reflected on the electrocardio- 
gram: The P wave in lead 1 is usually posi- 
tive when the anatomic right atrium is on 
the right and negative when the anatomic 
right atrium is on the left, e.g., situs in- 
versus. 

Lev and Rowlatt!®!” have pointed out 
that “heart chambers cannot be adequately 
named according to the type of blood they 
carry or according to their proximal or dis- 
tal connections. Chambers are best named 
according to morphology and (in gross 
pathology) the morphology is best recog- 
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nized by observing the architecture of the 
septum." Preoperative clinical identifica- 
tion of cardiac chambers cannot, however, 
be done by direct inspection and depends 
primarily upon angiocardiography. Listed 
below are angiocardiographic features of 
value in identification of the atria and ven- 
tricles. The double starred features are of 
good reliability, the single starred features 
of some value and the other items of ques- 
tionable value. 


Right Atrium (limbus and fossa ovalis on septal 
surface) 


**r. Visceral situs: on side of liver (usually oppo- 
site gastric air bubble) 
**5. Receives inferior vena cava 
*4. Receives coronary sinus 
*4. Vertical long axis 
5. Receives superior vena cava 


Left Atrium (irregular surface of septum primum) 


**r. Visceral situs: opposite liver 
*2. Receives pulmonary veins 
*4. Transverse long axis-oval shape 
4. Relatively cephalad position 


Right Ventricle (sinus separated from infundibulum 
by crista, posterior septum trabeculated with 
papillary muscle, tricuspid atrioventricular 
valve) 


**7. An infundibulum separates atrioventricular 
-valve from semilunar valve (i.¢., inlet from 
outlet) 

*2. Semilunar valve more ventrad and cephalad 
*4. Coarse trabeculation—especially on septal 
surface 


Left Ventricle (no infundibulum, smooth septal sur- 
face, bicuspid atrioventricular valve) 


**r.. No infundibulum 
*2, Semilunar valve more dorsad and caudad 
3. Fine trabeculation 


Sometimes, no separation between the 
atria or between the ventricles exists so that 
either a common atrium or common ventricle 
Is present. A common atrium is often recog- 
nized by angiocardiography, and, in any 
case, does not offer an impossible situation 
to the cardiac surgeon. A common ventricle, 
however, is a more serious problem since it 
is not usually considered to be surgically 
correctable. It is found in 10-20 per cent of 
cases of dextrocardia?** and in ṣo per cent of 
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those with asplenia or indeterminate 
situs, ™ 

The angiocardiographic diagnosis of com- 
mon ventricle mav be dificult. The subject 


* 


has recently been intensively studied? ?* 


+ 
* 


though there is not vet complete agreement 
on its definition, or on the designation 
"single" as opposed to "common" ven- 
tricle. By usual definition, a common ven- 
tricle receives both the tricuspid and mitral 
valves or a common valve. Theretore, a 


common ventricle may be excluded if selec- 





tive injections of contrast material into the 
right atrium and lert atrium, respectively 


Fic; 3. Type TA. Dextrocardia in situs solitus with 


concordant D-LOOP, (4) Chest roentgenogram — trium. cannot be entered), demonstrate 
that the atria empty into different ven- 


(or into the pulmonary artery if the left 





showing dextrocardia in situs solitu: 


we 








Vou. 97, No. 2 


tricles. In many instances selective ventric- 
ular injections are also helpful?” and some- 
times an aortogram demonstrating coron- 
ary artery anatomy may be useful.” 

In most cases of common ventricle (80 
per cent) the anatomic right ventricular 
sinus or inflow tract is said to be absent." 
Then, a large anatomic left ventricle with 
its usual outflow tract is present together 
with a ventricular septal defect leading into 
a secondary rudimentary outflow tract or 
infundibulum (representing the right ven- 
tricular infundibulum). In the great major- 
ity of cases (85 per cent), the great vessels 
are transposed so that the aorta arises from 
the rudimentary outflow tract, which may 
be either on the right or left side of the base 
of the heart, possibly but not necessarily 
corresponding to D or L bulboventricular 
loop development respectively. 


TYPE IA DEXTROCARDIA IN SITUS SOLITUS 
WITH CONCORDANT D-LOOP 


This is the most common type of dextro- 
cardia in our experience. Of the 26 cases 
observed in this group, 17 had serious 
associated intracardiac defects; 4 of these 
had transposition of the great vessels—an 
anomaly which only occasionally occurs 1n 
concordant bulboventricular loops. A total 
of 9 (9/26) adults was in this group; 4 of 
whom had no apparent cardiac anomalies. 
Five of 17 children had no associated intra- 
cardiac anomalies. Angiocardiograms (Fig. 
3, B-E; and 4, B-E) showing 2 of these 
cases are presented. Five patients with no 
clinical evidence of heart disease have not 
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yet had angiocardiographic study, but are 
thought to be examples of Type IA instead 
of IB, mainly because of the rarity of nor- 
mally functioning hearts with discordant 
loop development. 

In this form of dextrocardia, the rela- 
tionships of ‘the cardiac chambers relative 
to each other and to the great vessels are 
basically normal, whether the dextrocardia 
is the result of primary or secondary con- 
genital factors or is acquired after birth. In 
all these cases, situs solitus with concor- 
dant D-LOOP development is present. Since 
this situs and type of bulboventricular loop 
are also found in the normal left-sided 
heart, nearly all cases of secondary dextro- 
cardia, particularly those acquired after 
birth, are of this type also. 

Right lung hypoplasia occurred in 12 
additional individuals, not included in the 
above figures because of the possibility that 
the dextrocardia was secondary to the lung 
anomaly. All had dextrocardia in situs 
solitus with concordant D-LOOP. Pulmo- 
nary hypoplasia was not obvious in our 
other types of dextrocardia. Such right lung 
hypoplasia might interfere with normal 
shift of the cardiac ventricles into the left 
chest. On the other hand, we consider it as 
likely that primary dextrocardia or its 
cause may interfere with right lung de- 
velopment, the cardiac anomaly then being 
primary. These patients with hypoplasia of 
the right lung typically had small pulmo- 
nary arteries, often had no eparterial bron- 
chus, and half had anomalous venous drain- 
age of the right lung into the right atrium 


Fic. 3. (B and C) Simultaneous frontal and lateral angiocardiograms showing selective opacification of the 
right ventricle and pulmonary arteries. Note the nghtward position of the right ventricle and ventrad 
position of the pulmonary valve (arrow). At 2 months of age, severe dyspnea was intermittently present 
and often seemed dependent upon position. No intracardiac anomalies were present. 

(D and E) Two seconds later left heart is opacified together with a mild coarctation of the aorta and 
faint reopacification of the pulmonary artery due to patent ductus arteriosus. Repair of coarctation and 
patent ductus did not alter progressive respiratory difficulties. At necropsy, no specific cause of death was 
found. The extreme dorsad position of the ascending aorta (arrow) and aortic arch may have compressed 
the trachea, the right bronchus, and the esophagus. This type of compression was considered significant 


in the death of Case 4 of Van Praagh et al.” 
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Fic. 4. Type LA. Dextrocardia in situs solitus with 
concordant D-LOOP, (4) Chest roentgenogram 
showing dextrocardia in situs solitus, Barium is in 

esophagus 














or inferior vena cava (Fig. 5, Æ and 5). 








Separation of these cases from Type H 
dextrocardia is arbitrary since the basic 


. ^ 


cardiac structure 1s the same (situs solitus 


with concordant D-LOOP), and it may 


ye equivocal whether or not lung hvpo- 
Lis present, 
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lic. 5. Secondary congenital dextrocardia in situs solitus with concordant D-LOOP. 642) Frontal chest 
roentgenogram showing heart shifted to right and anomalous vascular shadow in right retrocardiac region 
(arrow). This represents an anomalous pulmonary vein entering inferior vena cava (scimitar syndrome}. 
The dextrocardia was considered secondary to hypoplastic right lung. 

(B) In another case a frontal angiocardiogram demonstrates opacified right heart shifted to right 
secondary to hypoplastic right lung. Note small right pulmonary artery (arrow). No intracardiac defects 
are present; opacification of the descending aorta is via a patent ductus artenosus, Often it is arbitrary 
whether the dextrocardia 1s regarded as primary or secondary. 


TYPE IR DEXTROCARDIA IN SITUS SOLFTUS 
WITH DISCORDANT L-LOOP 


lar loop tormation is discordant relative to 
viscero-atrial situs. This combination. of 
anomalies is the basis tor “congenitally cor- 


We have encountered 10 cases in this 


group. Two of these were adults: 1 a 34 rected transposition of the great vessels" as 


under "bulboventricular 
loop formation." Dextrocardia is reported 
in §-1§ per cent of cases with "corrected 
transposition 777 while another $-1§ per 


vear old man with a large ventricular septal discussed. above 
defect and the other a 30 vear old man with 
no other defects except for complete heart 
block. All of the 8 children had intracardiac 
septal defects except tor 1 asvmptomatic 
child with Ebstein’s anomaly of the left 
atrioventricular valve whose angiocardio- 
grams (Fig. 6, B-E) afford excellent demon- 


cent of these patients have mesocardia--a 
midline heart or "partial" dextrocardia. 
Cardiac septation is seldom normal when 


bulboventricular loop development is dis- 


stration of Type [B dextrocardia. 
dll of these cases had transposition of the 
great vessels in that the aorta arose from th 


cordant to viscero-atrial situs. Indeed, seri- 
ous intracardiac anomalies are the rule, 
being found in more than go per cent of 


anatomic night ventricle. Transposition ts 
nearly always present when bulboventricu- 


cases. Among infants who succumb to con- 
genital heart disease, this is apparently the 


« da tte 
exe X X 


Fic. 4. (B and C) Simultaneous frontal and latera] angiocardiograms after injection of contrast material into 
an anomalous left superior vena cava which is connected to the night atrium via the coronary sinus; no 
other anomalies were found in this asymptomatic baby. The right heart is on the right and the pulmonary 
valve (arrow) is ventrally located at outlet of the anatomic right ventricle. 

(D and Æ When the left heart is opacified 3 seconds later, the aorta is shown to arise from the anatomic 
left ventricle. As expected, the aortic valve (arrow) is caudad, dorsad and to the right of the pulmonary 
valve. Intrinsically normal relationships are present between the ventricles and great vessels in this type 
of dextrocardia. 





Fic. ^. Type IB. Dextrocardia in situs solitus with 
discordant L-LOOP.. (7). Chest. roentgenogram 
showing dextrocardia in situs solitus, 


Ellis, Fleming, Griffiths and Jameson 


most common type of dextrocardia-- com- 
prising 29 per cent of Van Praagh and 


co-workers ^'^ series studied at necropsy. 


Dextrocardia in situs solitus (Type LA, B 
or C) has been variously called dextroposi- 


tion, dextrorotatior , dextroversion, isolated 
dextrOcdtrdbt; ere A re, Tue aeq 
diac configuration on the inverted chest 
roentgenogram seldom resembles the nor- 
mal, since “mirror-image” dextrocardia in 
the absence of situs inversus is thought not 


to exist. ^56 


TYPE TA DEXTRKOCARDIA IX 5ITUS INVERSA 
WITH CONCORDANT L-LOOP 
Type II A dextrecardia- “mirror-image” 
dextrocardia in sitas inversus-1s the most 
common tvpe 77" found in the general 
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(4) 1 D] angiocardiogram shows opacification of ' 
rv arteries, The appearance 
the image is inverted, however, the normal configuration of the anatomic right heart is 


right ventricle and pulmonary 
(B) When 
d ly recognized. 
oe Aa tal angiocardiogram 4 seconds later 
ne Again when 
left ee Je can be appreciated. 


adult population (about 1,10,000 to 1/ 
20,000) (Fig. 7, 4-D). Twelve cases were 
found in our Bios of £9 cases with primary 
dextrocardia. Fight were adults, and only 1 
of these has congenital heart disease-- 
pulmonary stenosis and ventricular septal 


AR 


VIG (B and C 


eh atrum and 


e LA, Dextrocardia in situs inversus with concorda 


| demonstrates "' 
the image js inverted the normal appearance of an anatomic left atrium and anatomic 


nt L-LOOP. 
‘mirror-image anatomic rig ght atrium, anatomic 
is unfamiliar and thus confusing. 


mirror-image” of anatomic left heart. 


detect. Three of the 4 children had serious 


congenital heart disease~ probably the 

consequence otf selection in our material. 
Most individuals with Tv pe IHA dextro- 

cardia have apparently Rd longevity. 


The general incidence of congenital heart 


) Simultaneous frontal and lateral angiocardiograms show the right heart opacified; the 
| inferior vena cava are on the right of s 


P ine, The opacified right-sided venous ventricle 


has smooth internal contours, an anterior-superior recess,’ and a relatively dorsal and caudad origin of the 


pulmonary valve (arrow)-—features indicating an anatomic left e 


trudes anterior to the pulmonary artery. 


entricie, The right atrial appendage pro- 


(D and E) Three seconds later when the left heart is opacified, the left atrium is in normal position rela- 
tive to right atrium, Irregular margins of the coarsely fri ibeculated, left-sided, ventrally located anatomie 


right ventricle are clearly seen. 
discordant L-LOOP, arises (arrow) 


ralve. 


Ventricular inversion 
from the infundibulum of the anatomic right ventricle cephalad, 
ventrad and to the left of the pulmonary artery origin, Ebstein’s 


is present. The transposed aorta, characteristic of 


anomaly deforms left atrioventricular 





Type HA. 
concordant 
demonstrates 
bronchiectasis 
region, This 35 year old man had a long history of 
cough and sputum production. Kartagener in 1933 
reported the frequent and unexplained association 


Dextrocardia in situs inversus 
L-LOOP. The  bronchogram 
complete situs inversus and 
particularly jn the retrocardiac 


hig. 8. 
W th 


of situs inversus and “m irrorimage” oe 
with bronchiectasis and nasal These pa- 
tients seldom have congenital ee malforma- 
tions.*" 


polyp 


disease 1s low (2-5 per cent). For unknown 
reasons, IO to 25 par cent of these people 
seen in hospitals are found to have bron- 
chiectasis and sinusitis with nasal polyps in 
addition to situs inversus with dextro- 
cardia.” Three of our 12 cases had this 
syndrome (kartagener's triad). Necropsies 
were performed on the 2 who died of com- 
plications of the bronchiectasis at ages 8 
and 62 vears, respectively. The third case is 

illustrated in Figure 8. 

In interpreting the frontal chest roent- 
genograms of patients with situs inversus, 
it 13 useful to invert the roentgenogram, 
since the resulting image can then be com- 
pared with one's general experience de aling 
with situs solitus individuals. While con- 
sidering situs inversus as a “mirror-image” 
of the normal situs solitus is a useful clin- 
ical and radiologic concept, it is not liter- 
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alv true since actual right-left reversal or 
translocation of primordia does not occur. 
Rather, situs solitus is believed to result 
from early relative growth dominance of 


left-sided primordia while situs inversus is 


considered to result from relative growth 
dominance of right-sided primordia.?^ 


TYPE ITB DEXTROCARDIA IN SIFUS INVERSUS 


WITH DISCORDANT D-LOOP 

We have seen 5 cases of this type, all of 
which had cyanotic congenital heart dis- 
ease; 2 of these had double outlet right 
ventricle. Our oldest patient is a 14 vear old 
boy whose angiocardiogram is shown in 
Figure eo, B and C. 

This is a rare type of dextrocardia. Not 
only is situs inversus rare but also discor- 
dant loop development is uncommon in 
situs inversus, Serious intracardiac anoma- 
lies are also reported in the few cases re- 
corded in the literature as might be ex- 
pected in the presence of discordant bulbo- 
ventricular loop development. 

TYPE HII DEXTROCARDIA IN INDETERMINATE 
SITUS (AND ASPLENIA) 

SIX cases with indeterminate situs were 
encountered in ovr series. All had lethal 
cvanotic congenital heart disease— the old. 
est living to 2 vears. Five had no spleen. 
Frontal chest roentgenograms showing a 
symmetric liver, abnormal position of the 





Type HB. 
with discordant D-LOOP. 
gram showing dextrocardia in situs inversus, 


Dextrocardia in situs inversus 
) Chest roentgeno- 


Fic. 9. 





Karsis NO 


gastric air bubble and an abnorm al cardiac 


position led to an earlv consideration of 


this condition. 

Often the spleen is absent when situs is 
indeterminate. Ivemark,? in his definitive 
study of this asplenia syndrome, found that 
splenic tissue normally first appears at 
about 31 davs of fetal life, when the atrio- 
ventricular canal cushions are in process of 
fusion and before septation of the bulbo- 
truncal region. The liver is typically sym- 





lic. 9. (B) Frontal angiocardiogram of a 14 year old 
bov shows opacification of anatomic right heart. 
A jet of contrast material traverses a subvalvular 
stenosis (lower arrow) at the origin of the pul- 


monary artery. The ascending aorta (upper arrow) 
is seen along the right upper heart border, opacified 


because of a venous to arterial shunt at the level of 


a ventricular septal defect (discordant D-LOODP). 

(C) Inverted image demonstrating the ap- 
pearance of the anomaly if situs inversus were not 
present. Cyanosis and limited exercise tolerance 
had been present since infancy. A sibling was 
found at necropsy to have tetralogy of Fallot in 
situs inversus with “mirror-image” dextrocardia 
(concordant L-LOOP). 
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metric in shape and viscero-atrial situs 1$ 
indeterminate--there being neither definite 
situs solitus or situs Inversus--a teratologie 
syndrome of visceral symmetry being pres- 
ent. The commonly associated congenital 
cardiac detects are: 


Atrioventricular canal anomalies usu- 
ally with common atrioventricular 
valve. 

Common atrium or atrial isomerism?" 
-and a tendency to symmetry of 

systemic and pulmonary veins. 

3. Common ventricle. 

4. Anomalous pulmonary venous con- 

nection, 

z. Transposition of the great vessels. 

6. Pulmonary stenosis or atresia. 

Dextrocardia. 


t2 


- 


Most examples of the asplenia syndrome 
have a majority of the above defects, many 
of which can be shown by angiocardiog- 
raphy. Diagnosis is facilitated by a 
Wright's stained peripheral blood smear 
which in the presence of asplenia often 
reveals red blood cells with retained nuclear 
fragments called Howell-Jolly bodies. This 
finding in cvanotic infants with congenital 
heart disease is considered pathognomonic 
of asplenia. 

Splenic tissue is present in some indi- 
viduals who have indeterminate viscero- 
atrial situs and severe congenital cardiac 
anomalies of the sort found in asplenia.” In 
these cases splenic anomalies and, particu- 
larlv, multiple spleens are common. On the 
other hand local abdominal abnormalities 
in the position of the stomach, spleen, in- 
testines or liver are occasionally found in 
the presence of a normal heart. 57" 

Rarelv, anomalies of ic n develop- 
ment or position may be encountered which 
are of more primitive or bizarre nature than 
those mentioned above (e.g., ectopia cordis, 
etc.J. 


COMMENTS CONCERNING TRANSPOSITION OF 
THE GREAT VESSELS 

Transposition of the great vessels can be 

broadlv defined as "any alteration in the 
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Fig. 10. (4) Diagram of normal heart in lateral view. Note the ventral origin of pulmonary artery from the 
anatomic right ventricle, while the aorta arises more dorsally from the anatomic left ventricle. 
(B) Diagram of transposition of the great vessels in lateral view. Note that the aorta now arises ven- 
trally from the coarsely trabeculated anatomic right ventricle. 


interrelationships of the great arterial 
trunks and their sites of origin from the 
heart." ?* Characteristically in this condition 
the aorta arises ventrally from the anatomic 
right ventricle instead of normally from the 
anatomic left ventricle (Fig. 108). The 
pulmonary artery then usually arises more 
dorsally from the anatomic left ventricle. 
The ascending great vessels have parallel 
instead of their normal spiralling courses. 
The cause is apparently abnormal division 
of the truncus relative to the ventricles. 

In the normal individual (situs solitus 
with concordant D-LOOP), the pulmonary 
artery arises from the infundibulum of the 
right ventricle in a position ventrad, cepha- 
lad (and usually to the left) of the site of 
aortic origin from the left ventricle (Fig. 
104). Thus, in frontal projection the aorta 
normally arises a little to the right of the 
pulmonary artery. 

Transposition of the great vessels only 
seldom occurs in the presence of the con- 
cordant D-LOOP of situs solitus. When this 
situation does occur, however, the trans- 
posed aorta arises from the infundibulum of 
the right ventricle in a position ventrad, 


cephalad and also typically slightly to the 
right of the origin of the transposed pul- 
monary artery. Moreover, even when a 
discordant D-LOOP occurs in situs in- 
versus, the origin of the typically trans- 
posed aorta is also to the right of the origin 
of the pulmonary artery. 

Thus, the aortic valve tends to be on the 
right of the pulmonary valve whenever D- 
LOOP type of bulboventricular develop- 
ment is present. Conversely, the aortic 
valve lends to be on the left of the pulmonary 
value whenever L-LOOP type of bulbo- 
ventricular development is present. Despite 
some exceptions, this relationship is of 
value in the analysis of frontal angiocardio- 
grams and has been referred to as part of 
"the loop rule.” 

Whenever a discordant bulboventricular 
loop occurs (L-LOOP in situs solitus or D- 
LOOP in situs irversus) transposition of 
the great vessels is regularly present (few 
exceptions are known!^*5), Several mecha- 
nisms have been proposed to account for 
this transposition which is characteristic of 
discordant bulboventricular loop develop- 
ment,5:13,14,27,3,95,5? Anatomic variations in 
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bulbus (or conus) development are numer- 
ous and may cause transposition of the 
great vessels.?? 

Rotation of heart structures secondary to 
factors such as chamber size, diaphragm 
position, minor developmental variation, 
etc., can obviously affect the location of the 
various cardiac chambers and great vessel 
origins relative to body surfaces. Such 
variations explain most inconsistencies in 
the "loop rule" and those rare cases of 
transposition of the great vessels (posterior 
transposed aorta?) in which the aortic 
origin is dorsal to that of the pulmonary 
artery. These cases can usually be correctly 
diagnosed by angiocardiography since the 
relationships of the heart chambers and 
great vessels to one another are not altered 
—e.g., the transposed aorta continues to 
arise from the anatomic right ventricle. 


DISCUSSION 


Paltauf* in rigor published excellent 
diagrams of cases representing most types 
of dextrocardia and recognized that Roki- 
tansky's "corrected" transposition might 
be present. In 1931 Lichtman!? thoroughly 
reviewed the literature on dextrocardia. By 
1961 Arcilla and Gasul,! in the modern age 
of pediatric cardiology, were able to present 
a large personal clinical experience with 
this entity. 

The dear proposals of De la Cruz ef 
41.9? concerning the embryologic basis for 
"corrected" transposition of the great 
vessels and for the potential effects of nor- 
mal and inverse bulboventricular loop 
development on congenital dextrocardia 
made further progress possible. This work 
aided Espino Vela e£ a/." in a splendid study 
of clinical dextrocardia and helped Rosen- 
baum* in deriving a thoughtful classifica- 
tion of the various spatial alignments of the 
heart. 

The outstanding anatomic and clinical 
studies of Van Praagh e£ 2/595 on a large 
series of necropsied cases of dextrocardia 
have provided anatomic evidence of the 
validity of these previous concepts and 
have afforded an improved basis for the 
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study of dextrocardia. In this paper, we 
have drawn heavily upon the work of these 
earlier workers in providing a classification 
of dextrocardia. Even at the present time, 
however, other developmental concepts 
must also be considered such as: the bril- 
liant phylogenetic theory of Spitzer?! and 
Grant's? interesting ideas of torsion and 
cardiac septation. Direct observations on 
developing human embryos with abnormal- 
ities of situs and bulboventricular loop 
development are very meager. Dekker eż 
al.5 have found a human embryo in which 
the bulboventricular loop development was 
inverted (discordant L-LOOP in situs 
solitus). Shaner has reported similar ob- 
servations in a pig embryo. 

Angiocardiography has afforded an op- 
portunity to study the morphology and 
function of the various types of dextro- 
cardia. The angiocardiographer has the 
special advantage in situs inversus of being 
able to turn over the frontal roentgeno- 
grams and immediately view an inverted 
image of the anomaly. Understanding of 
the several mechanisms involved in pro- 
duction of dextrocardia is important to 
intelligent assessment of many cases of 
congenital heart disease. A further advan- 
tage is that the various types of levocardia 
can be identified as inversions or “mirror- 
images" of these recognized types of dex- 
trocardia. 

Roentgenographic study of primary con- 
genital dextrocardia should include first 
identification of the viscero-atrial situs 
(solitus, inversus, or indeterminate), then 
secondly determination of bulboventricular 
loop development (D, L or indeterminate). 
This information permits classification of 
the dextrocardia. Though the plain chest 
roentgenogram will indicate the situs de- 
velopment with good reliability, angio- 
cardiography is often necessary for deter- 
mination of type of bulboventricular loop 
development. Identification of the ana- 
tomic right and left ventricles in relation to 
the anatomic right and left atria will in- 
dicate whether bulboventricular loop de- 
velopment is concordant or discordant. If 
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the aorta arises on the right of the pulmo- 
nary artery, a D-LOOP is probably present; 
if on the left, an L-LOOP.* Tf transposition 
of the great vessels is not present, discor- 
dant bulboventricular loop development is 
virtually excluded. Once the type of dextro- 
cardia is appreciated, other congenital 
cardiac anomalies are more readily iden- 
tified. 

Of course, a clinically normal heart in 
situs inversus with normal configuration on 
the inverted chest roentgenograms can be 
classified ITA without further study. Like- 
wise, clinically normal cardiac function in 
dextrocardia in situs solitus, with normal 
heart size and lung fields on the chest roent- 
genogram, is very likely Type IA dextro- 
cardia, #.e., normal situs and loop develop- 
ment with failure of leftward shift of the 
ventricles, since Types IB and IC nearly 
always have severe associated cardiac 
anomalies. Occasionally, precise diagnostic 
classification may remain uncertain despite 
angiocardiography in dextrocardia with 
complex associated anomalies. Knowledge 
concerning the expected consequences of 
aberrations in cardiac development, how- 
ever, increases the possibilities for accurate 
diagnosis. 

SUMMARY 


A comprehensive and useful classifica- 
tion of dextrocardia is presented. It is based 
on the viscero-atrial situs (solitus, inversus, 
or indeterminate) and on the direction of 
bulboventricular loop bending during de- 
velopment (D or L-LOOP). 

Roentgenographic examination and, par- 
ticularly, angiocardiography are essential 
to the recognition of the various types of 
dextrocardia. Precise anatomic diagnosis is 
indicated for the frequently associated con- 
genital cardiac malformations, many of 
which are now amenable to surgical correc- 
tion. É 
Kent Ellis, M.D. 
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OBLIQUE LEFT VENTRICULOGRAPHY IN 
ENDOCARDIAL CUSHION DEFECT, 
GRADE III* 


By GERALD J. KURLANDER, M.D., and DONALD A. GIROD, M.D. 


INDIANAPOLIS, INDIANA 


RAPID advances have been made in the 

operative treatment of cardiac disease. 
Inevitably, attention is now being directed 
to correction of the more complex cardiac 
malformations. These and future surgical 
advances are dependent on the increasing 
sophistication of preoperative diagnosis of 
cardiac disease. Cardioangiography is the 
forerunner in this field. 

In several recent publications,^*" espe- 
cially those of Baron and his colleagues, the 
cardioangiographic features of endocardial 
cushion defects, including the ostium pri- 
mum type of ‘atrial septal defect, are 
described. The endocardial cushion defects 
represent a spectrum of related malforma- 
tions of atrial and ventricular septation 
and atrioventricular valve leaflet develop- 
ment.” The purpose of the authors is to 
demonstrate the cardioangiographic char- 
acteristics of the most severe type of this 
related group of malformations, endocardial 
cushion defect, Grade 11 (complete form 
of persistent common  atrioventicular 
canal). 


EMBRYOLOGY 


In the primitive heart, there is free com- 
munication between the undivided atrial 
and ventricular cavities by means of the 
atrioventricular canal (Fig. 124).?* During 
the second month of development, the 
septum primum arises from the postero- 
superior wall of the common atrial chamber 
and grows in the direction of the atrio- 
ventricular canal, providing a partition 
between the atria (Fig. 18). The division 
is incomplete in that a residual communica- 
tion, the ostium primum, persists at the 
anteroinferior border of this septum. At 


about the same time that the atrium is 
being divided into right and left chambers, 
two thickenings appear which project from 
the superior and inferior walls of the 
atrioventricular canal. These opposing 
masses, the endocardial cushions, fuse 
with each other to divide the atrioventricu- 
lar canal into a right and left orifice (Fig. 
1C)? The septum primum then joins with 
the endocardial cushions to obliterate the 
ostium primum. As this 1s occurring, a new 
opening appears more cephalad in the sep- 
tum primum, the ostium secundum. There 
is thus assured a direct pathway for blood 
from the right atrium to the left atrium, an 
essential feature of the fetal circulation. 
This is in contrast to the complete partition 
of the ventricles which occurs early in 
embryonic development. A second septum, 
the septum secundum, develops just to the 
right of the septum primum (Fig. 1D). 
The septum secundum does not develop in- 
to a complete septum, but rather has an 
opening, the foramen ovale, which, with 
the septum primum, forms a one-way valve, 
permitting blood to go from the right to the 
left atrium but not in reverse. 

At about the same time that the septum 
primum appears another septum, the 
interventricular septum, develops from 
the apex of the ventricle and grows toward 
the endocardial cushions. This results in 
nearly complete division of the ventricles. 
Final contributions to closure of the re- 
maining interventricular foramen come 
from the interventricular septum itself, the 
endocardial cushions, and the conus ridges. 
These three structures form the mem- 
branous interventricular septum. 

The posterior mitral leaflet, and the 
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Fic. 1. Diagrammatic representation of the septation of the embryonic heart. (£) 4-5 mm. stage. Free com- 
munication between the undivided atrial and ventricular cavities by means of the atrioventricular canal. 
(B) 6-7 mm. stage. The septum primum is seen growing in the direction of the common atrioventricular 
canal. The ostium primum persists at the anteroinferior border of this septum. (C) 8-9 mm. stage. The 
endocardial cushions are seen dividing the atrioventricular canal into a right and a left orifice. The septum 
primum 1s joining with the endocardial cushions to obliterate the ostium primum. À new opening has ap- 
peared in the septum primum, the ostium secundum. (D) 100 mm. to birth. The septum secundum has 
developed just to the right of the septum primum. Án opening in this septum, the foramen ovale, forms a 
one-way valve with the septum primum to permit blood to enter the left atrium from the right atrium but 
not in reverse. Complete development and closure of the interventricular septum have occurred. RA= 
nght atrium; RV — right ventricle; LA —left atrium; LV —left ventricle. 


anterior and posterior leaflets of the tri- 
cuspid valve are formed from the endo- 
cardial tissue at the margins of the atrio- 
ventricular canal. The anterior leaflet of 
the mitral valve and the septal leaflet of 
the tricuspid valve originate from the 
superior and inferior endocardial cushions. 
Since these cushions play a major role in 
atrial and ventricular septation as well as 
in development of the anterior mitral and 
septal tricuspid leaflets, maldevelopment 
can result in a wide range of related con- 
genital cardiac anomalies. 


CLASSIFICATION 


This spectrum of malformations can be 
divided into 6 groups: 

(1) Endocardial cushion defect, Grade r 
(persistent common atrioventricular canal, 
partial form, persistent ostium primum 
with cleft mitral valvet). Here, there is a 
defect in the lower portion of the atrial 
septum and upper portion of the ventricu- 
Jar septum. The attachment of the anterior 
mitral leaflet to the crest of the remaining 
ventricular septum prevents interventricu- 


lar communication. The upper margin of 
the defect is crescentic. In a normal heart 
the line of attachment of the anterior mitral 
leaflet is in the region of the deficient sep- 
tum. In the presence of this anomaly, how- 
ever, the cleft anterior mitral leaflet is at- 
tached to the ventricular septum more 
toward the cardiac apex. Failure of fusion 
of the superior and inferior endocardial 
cushions on the left side results in the cleft 
anterior mitral leaflet. The tricuspid valve 
is not cleft and rarely the anterior mitral 
leaflet is not cleft. 

(2) Endocardial cushion defect, Grade 
I? (persistent common atrioventricular 
canal, transitional type,’ persistent ostium 
primum with cleft mitral and tricuspid 
valves"). Clefts are present in both the 
anterlor mitral and the septal tricuspid 
valve leaflets but a "narrow bridge" of 
valve tissue Joins the superior and inferior 
halves of each cleft just above the ventricu- 
lar septum. The interatrial communication 
is similar to that seen in the Grade 1 defect. 
The membranous interventricular septum 
may be deficient. 
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(3) Endocardial cushion defect, Grade 
i (persistent. common | atrioventricular 
canal, complete form?). There is complete 
lack of fusion of the endocardial cushions. 
The detect in the atrial septum resembles 
the Grade 1 defect. À common cleft divides 
both the anterior mitral and septal tri- 
cuspid leaflets. There is an interventricular 
communication between the common atrio- 
ventricular valve and the incomplete ven- 
tricular septum. The size and appearance 
of tais defect in the ventricular septum are 
variable but usually there is a sizable de- 
heiency. 

interatrial communication and with inter- 
ventricular septal detect (persistent com- 
mon atrioventricular canal type of ventric- 
ular septal defect!’), Most cases have clefts 
or deformities of one or both of the atrio- 
ventricular valve leaflets derived from the 
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endocardial cushions. There is failure of 
closure of the interventricular foramen. 
This results from lack of fusion of the 
elements that complete development ot the 
interventricular septum-—the conus ridges, 
endocardial cushions, and muscular ven. 
tricular septum, 

(s) Endocardial cushion detect with left 
ventricle-right atrial communication and 
cleft septal leaflet of the tricuspid valve.’ 

(6) Endocardial cushion defect with cleft 
anterior mitral leaflet but with intact atrial 
and ventricular septa." 


CARDIOANGIOGRAPHY 
Cinecardioangiograms of 17 cases of 
endocardial cushion defect, Grade 111, were 
reviewed as a basis for this study. Lett 
ventricular injections were performed in 9 
of these cases. Al 9 demonstrated defor- 
mitv of the outflow portion of the lett ven. 





kic. 2. Nine year old female with secundum atrial septal defect and normal mitral valve and left ventricle, 
Left anterior oblique cineroentgenograms with injection of contrast medium into the left ventricle. 4) 
Svstolie phase. Smooth medial wall of the left ventricle (LV). No distortion of left ventricular outflow. 
(B) Diastolic phase. The normal mitral valve (M) is seen opening into the left ventricle (LV) lateral to the 
ventricular septum. There is preservation of continuity of the medial wall of the ventricle. Catheters are 
in the left ventricle, left atrium, and pulmonary artery. A — aorta 


tricle as described by Baron e al} but, 


addition, ¢ demonstrated findings permit- 
ting diagnosis of endocardial cushion de- 
fect, Grade mt. Four of these 5 cases were 
proved by postmortem examination. 

For almost a decade, single plane selec- 


tive cinecardioangiography has been per- 
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Fre. 3. Four year old female with endocardial 
cushion defect, Grade 1. LA) Posteroantenior 
cineroentgenogram with injection. of contrast 
medium into the left ventricle (LV). Elongation 
of left ventricular outflow (O) | produced arene 
normal insertion of cleft anterior mitral leaflet 
and its chordae into the upper portion of the ven- 
tricular septum ("gooseneck" left ventricular 
outflow). (B) Left anterior oblique projection. 
Diastolic phase. The smooth contour of the 
ventricular septum has been replaced by th 
irregular protrusion of the cleft anterior mitr: 
leaflet (M) and its abnormal chordae into the lett 
ventricular. (LV) outflow. (C) Left 
oblique projection. Systolic phase. Regurgitant 
contrast medium through the incompetent mitral 
valve (M) is directed toward the right atrium 
through the lower portion of the left atrium 
Catheters are in the left ventricle (LV) and 
pulmonary artery. A — aorta. 
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formed at this institution in almost every 
case undergoing cardiac catheterization. 
The position of choice for demonstration 
of defects in the ventricular septum has 
been the 60° lett anterior oblique position. 
Although previous authors have empha- 
sized left ventricular cardioangiography in 
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frontal and lateral projections, we have 
found the left anterior oblique projection 
to be almost as good in demonstrating the 
deformity associated with endocardial cush- 
ion defects. This deformity results from 
attachment of the cleft, deformed, anterior 
mitral leaflet to the left ventricular aspect 
of the ventricular septum. In addition, 
since à major portion of the venti eula 
septum is seen in profile in this projection, 
we have been able to differentiate between 
endocardial cushion defects, Grades 1 and 
it, bv demonstration of the interventricular 
communication and by observing the large 
common atrioventricular valve opening 
over the deficient ventricular septum. 
In the normal heart in the left anterior 
oblique position, the medial aspect of the 
left ventricle is formed by the muscular 
septum below and membranous septum 
above. This margin of the left ventricle is 
ident hable in systole and diastole as the 
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uninterrupted medial wall which 1s smooth 
jn its upper o£ and e -irregular 
below (Fig. 2, Æ and 5). During the dia- 
stolic phase of the left een the 
mitral valve can be identifed by the dilu- 
tion effect of unopacified left atrial blood 
entering the opacified left ventricle. The 
integrity of the left ventricular aspect of 


the ventricular septum persists. In the 
presence of endocardial cushion defects, 


Grades 1, 11, and 111, there is a consistent 
deviation from the normal configuration of 
a is aspect of d ventricular septum (Fig, 

A, B and C). This results from the fact 
ut. the udo al cleft anterior mitral 
leaflet is immediately adjacent to the 
superoposterior aspect of the ventricular 
septum. The sharp, well defined left 
ventricular aspect of the ventricular septum 
is replaced by an irregular scalloped appear- 
ance. [n addition, during ventricular dias- 
tole, the cineroentgenogravhic sequence 





bic. 4. Six week old female with endocardial cushion defect, Grade n1 (postmortem proof). 
oblique cineroentgenogram with injection of contrast medium into the left ventricle, 
is seen ope ning 

The inflow of unopacified atrial blood produces this Alli ing defect, 
RA -rnght atrium; 


large common atrioventricular valve (V) 


atrioventricular valve orifice. 
tricle; As aorta. (B) 
left ventricle (LY). Diastolic phase. 


RV right v Bore 
Right anterior oblique cineroentgenogram with injection of m medium into 
The superior portion of the cleft common atrioventricular valve (5) 


nterior 


Cd) Left a 
Diastolic phase. The 
: over the region of the interventricular septum. 


which is probably larger ut the true 
LA -— left atrium; LV left ver 


has moved upward to produce elongation of the left ventricular outflow (O). The inferior portion of the 


cieft valve (I) 1s also seen. The left ventricular 


injections were made 
inferior vena cava, right atrium and left atrium (LA) to reach the left ventricle. 


catheter which traversed the 


A — aorta. 


by a 
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shows the opening mitral valve merging 
with the irregular margin of the inter- 
ventricular septum. When mitral regurgita- 
tion is present, which 1s frequently the case, 
contrast medium may opacify the left 
atrium. More often, however, the opaque 
material seems to be directed preferen- 
tially toward the right atrium, skirting 
through the lower portion of the atrial 
septum and only slightly opacifying the 
left atrium. 

By left ventricular cinecardioangiog- 
raphy in the left anterior oblique projec- 
tion, the deformity of the left ventricular 
aspect of the ventricular septum in endo- 
cardial cushion defects, Grades 1, u, and 
II, is indistinguishable. Frequently in all 
3 there is mitral regurgitation with opaci- 
fication of one or both atria. In the pres- 
ence of a sizable interventricular com- 
munication (Grade iu), there is early 
opacification of the right ventricle or, if 
mitral regurgitation is also present, opaci- 
fication of the right ventricle and one or 
both atria. The ventricular septum is then 
seen in profile. When the next ventricular 
diastole occurs, the unopacified or slightly 
opacified atrial blood can be seen entering 
the ventricles by the large common atrio- 
ventricular valve which opens over the 
ventricular septum (Fig. 4, 4 and B; and 
5). If the ventricular septal defect is small 
or guarded by the cleft abnormal leaflets, 
this finding will be less obvious or absent. 
Since many cases of endocardial cushion 
defect, Grade 111, have large interventricu- 
lar communications, it should be possible to 
frequently identify the common atrio- 
ventricular valve by left ventricular cine- 
cardioangiography in the left anterior ob- 
lique proJection. 

The characteristic deformity of the out- 
flow portion of the left ventricle, as seen in 
the 3 major types of endocardial cushion 
defects (Grades 1, 11, and 111), has not been 
established in endocardial cushion defect 
without interatrial communication and 
with ventricular septal defect, endocardial 
cushion defect with left ventricle-right 
atrial communication and endocardial cush- 
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Fio. 5. Diagrammatic representation of endocardial 
cushion defect, Grade xu, in the left anterior 
oblique projection. The common atrioventricular 
valve (A) is seen opening over the deficient inter- 
ventricular septum (B). 


ion defect with cleft anterior mitral leaflet 
but with intact atrial and ventricular septa. 


DISCUSSION 


The differentiation of endocardial cush- 
ion defects, Grades 1 and mt, is of great 
importance. Mortality for-repair of the 
Grade 1 defect is approximately 16 per cent 
as opposed to 73 per cent or greater mortal- 
ity for the Grade 111 variety.’’* It has been 
recommended that total correction not be 
performed in infancy in instances of the 
Grade im defect, but instead that a pub 
monary artery banding be performed. In 
addition complete repair of this malforma- 
tion may require atrioventricular valve 
replacement. 
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Many patients with endocardial cushion 
defect, Grade 111, have in addition defects 
in the region of the fossa ovalis. Associated 
anomalies among others are patent ductus 
arterlosus, double mitral valve, and sub- 
aortic stenosis. The latter may result from 
adherence of the anterior mitral leaflet to 
the edge of the deficient ventricular septum 
during ventricular systole.!? 

Thirty to ṣo per cent of cases with the 
Grade mx malformation are found in 
mongols.® 8 


SUMMARY 


The embryology and anatomy of the 
group of cardiac malformations referred to 
as endocardial cushion defects have been 
reviewed. ` 

Specific cardioangiographic features in 
frontal and lateral projections, described 
previously, permit recognition of the vast 
majority of cases that fall within this 
group. The cinecardioangiographic char- 
acteristics of oblique left ventriculography 
in differentiation of the 2 most common 
forms of endocardial cushion defects have 
been demonstrated. Brief reference has 
been made to the importance of this dif- 
ferentiation. 


Gerald J. Kurlander, M.D. 
Department of Radiology 

Indiana University Medical Center 
1100 West Michigan Street 
Indianapolis, Indiana 46207 
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ANGIOCAR DIOGRAPHIC FINDINGS IN 
VENTRICULAR ANEURYSM DUE TO 
ARTERIOSCLEROTIC MYOCAR DIAL 

INFARCTION* 
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By ISRAEL STEINBERG, M.D.$ 
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NGIOCAR DIOGRAPHY for visualiza- 
tion of ventricular aneurysms due to 
mvocardial infarction was first used in 
1939 (Fig. 1). Even though clinical diagno- 
sis of ventricular aneurvsm lags well behind 
the pathologic ett. and aoo: 
cardiography, especially eineangiocar liog- 


raphv, has been generallv accepted as the 


definitive way to establish the diagnosis, 
only a few papers nay ve appeared on this 


Subject ie This is probably 


because treatment of postinfarctional aneu- 
rysms with open-heart techniques has only 
recently come into use.” €e Furthermore, 
even though the diagnosis of ventricular 
aneurysm is often missed, once suspected, 
conventional roentgenoscopy and roentgen- 
ography are usually sufficient for diagno- 
sis. ^?* In addition, there is understandable 
reluctance to catheter rize and inject con- 
trast material into a cardiac chamber sus- 
pected of containing mural thrombi of a 
seriously ill patient. For this reason, a 
series of 11 cases of left ventricular aneurysm 
following myocardial infarction visualized 
via the intravenous route is presented. No 
ill effects, however, have been reported 
tollowing selective ventriculography via 
direct ventricular?! or transatrial punc- 
ture!'^" and retrograde aortographv.!9.?.!5 


METHODS AND MATERIALS 


All patients had complete clinical and 
laboratory evaluation which included elec- 
trocardiography, conventional roentgenog- 
raphy in all positions, and roentgenoscopy. 





Fic. 1. Case 1. gram, made in 
1939, Fees the ie: lateral wall of a left 
ventricular aneurysm (arrow) with a huge 
thrombus above it. 


Intravenous angtocardiography was at first 
performed manually!’ and later by pressure 
injection. “ Two 14 by 17 inch films per in 
jection using the stereocassette appara- 
tus^!* were exposed in the first 3 patients 
reported in this series. Later, beginning in 
1953, when the Fairchild multiple film 12 by 
i3 lach magazine became available,” seri: d 
angiocardiograms of the rc ine 
system were obtained. The last § patients 
had simultaneous, biplane, frontal and 


* From the Departments of Radiology and Medicine, The New York Hospital-Cornell Medical Center, New York, New York, 
Aided by a grant from The Health Research Council of the City of New York under contract U-1648. 


T Recipient of Career Scientist Award of The Health Research Council of the City of New York under contract 1-298 and U- 
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lateral, 14 by 14 inch film studies (Schónan- 
der apparatus). Cineangiocardiographic in- 
travenous studies also made of 3 
patients. All except 1 of the patients (Case 


1) were Caucasian. Only 1 patient was a 


were 


r 


woman (Case x1). The ages varied from 29 


vears (Case 11) to 64 vears; the average was 
$4 years. 


ig. 2. Case ir. (4) Frontal teleroentgenogram 
showing a huge bulge at the apex of the 


heart extending below the diaphragm. Arrow 


points to linear calcification along the outer 
wall of the ventricle. (8) Frontal angio- 


ae 


cardiogram shows the huge saccular ven- 
tricular aneurysm with calcium dining its 


reae 


outer wall (arrow). (C) Sheht right anterior 


obhque angiocardiogram shows the an- 
curvsm and its neck (arrow) to better 


advantage. (Reproduced by permission 
from the American Heart Journal”) 


REPORT OF CASES 
Case r. Tnuterolateraí myocardial aneurysm. A 
so vear old Caucasian man was admitted on 
July 20, 1939, to Lenox Hill Hospital with com- 
plaints of recurrent attacks of severe oppressive 
precordial pain and dyspnea. These followed 
mvocardial infarction sustained 4 vears earlier, 
Roentgenograms of the chest revealed a ven- 
tricular aneurysm. On physical. examination, 
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moist rales were heard at the lett base. The 
heart was enlarged, the rate was regular, and 
the blood pressure was 145/110 mm. Hg. A 
blowing svstolic murmur was heard at the apex. 
The liver was tender and enlarged and was felt 4 
cm. below the right costal margin; there was no 
edema of the legs. The electrocardiogram 
showed left axis deviation and anterolateral 
mvocardial infarction. Angiocardiography, per- 
formed on July 22, 1939, disclosed a huge left 
ventricular aneurysm lined by thrombus in the 
superior aspect of the left ventricle, but with 
marked thinning and calcification of the wall 
along the lower left outer border of the heart 
wall (Fig. 1). 

Cast tt. Huge apical saccular ventricular aneu- 
rysm. A 29 year old Negro man (N.Y.H. No. 
£72 295, previously published®) was referred for 
angiocardiography on June 20, 1950. He had 
had exertional dyspnea and precordial pain for 
5 vears following severe chest pain which had 
been erroneously diagnosed as pneumonia. The 
heart was enlarged, a rough systolic murmur 
was heard over the pulmonic area and softer 
systolic and diastolic murmurs were heard at 


and old myocardial infarction of the anterolat- 


Case rt. CD Frontal teleroentgenogram showing enlargement of the heart and linear calcification 
<1) E E g E 


along the outer wall of the left ventricle (arrow). (B) Frontal angiocardiogram shows the neck of the 
apical aneurysm (arrow). 


eral and posterior portions of the left ventricle. 
Roentgenograms of the chest revealed marked 
left ventricular bulging almost reaching the lett 
thoracic wall and extending below the left dia- 
phragm (Fig. 2.7). Roentgenoscopy revealed 
paradoxical pulsations of the aneurysm, Angio- 
cardiograms in frontal and right anterior oblique 
views showed a rounded 7 em. in diameter 
saccular aneurysm arising from the anterior 
wall of the left ventricle (Fig. 2, B and C). 


Case nr. ;Znterolateral myocardial aneurysm. 
A 61 vear old diabetic Caucasian man (N.Y.H. 
No. 278 898) had a history of hvpertension and 
myocardial infarction 10 years prior to admis- 
sion on May 1, rgcr. Despite treatment with 
digitalis and diuretics, dyspnea on exertion 
developed. On examination, the heart was 
found to be enlarged and a systolic (Grade 3) 
murmur transmitted to the left axilla 
heard at the apex. The liver was enlarged 5 cm. 
below the right costal margin; there was no 
edema of the legs. The modified. circulation 
time was prolonged, 19 seconds (the average 
normal circulation time is 8 to 10 seconds). The 
blood pressure was 140/75 mm. Hg. The elec- 
trocardiogram showed left axis deviation, lett 
bundle branch block (discordant type), old 
antero-apical myocardial infarction, and regular 
sinus rhythm at a rate of 88, The fasting blood 


Was 


Frontal angiocardiogram showing 
the hage saccular outpouching of an apical cardiac 


Fie, 4. Case tv. 


aneurysm, Arrows point to the neck of the 
aneurysm, 
sugar was elevated. A roentgenogram of the 


chest showed enlargement of the heart, 
especiallv the left ventricle which contained 
linear calcifications (Fig. 3.7) and pulsated 
paradoxically, The right hemithorax also con- 
tained a pleural effusion. Angiocardiograms, on 
May 15, 1951, showed a eft ventricular an- 
eurysm along the anterolateral wall of the left 
ventricle (Fig. 35). The patient died at home of 
congestive heart failure on May 6, 1952. Au- 
topsy was not obtained. 


CASE Huge antero-apical ventricular an- 
eurysm; explored and found inoperable. A $9 


vear old Caucasian man (N.Y.H. No. 772 028) 
was admitted on July 10, 1957, for treatment of 
ventricular aneurysm. He had experienced 
sudden onset of epigastric heaviness on 
February 2, 1957. An electrocardiogram was 
made and an anterolateral wall myocardial 
infarction was diagnosed. He was then ad- 
mitted to a hospital where ne was kept in bed 
and given anticoagulants. Previous to hospital- 
ization, he began losing weight, became more 
dvspneic, and a month before admission blood- 
streaked sputum was observed. Roentgenos- 
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copy and roentgenography demonstrated a 
huge ventricular aneurysm. 

Examination revealed mild dyspnea and fine 
rales were heard at both bases of the lungs. The 
heart was enlarged and a svstolic (Grade 2) 
murmur was heard at the base of the heart. 
The liver was enlarged 2 cm. below the right 
costal margin; there was no edema of the legs. 
The blood pressure was 115/82 mm. Hg. An 


electrocardiogram showed regular sinus 
rhythm, rate of 94, left axis deviation, and 


antero-apical myocardial infarction. The chest 
roentgenogram showed marked enlargement of 
the heart with bulging of the left ventricle. 
Roentgenoscopy revealed absence of pulsations 
along the left ventricular bulging area. 

Angiocardiograms, on July 11, 1957, showed 
a huge left ventricular aneurysm surrounded by 
thrombus (Fig. 4). During a ro second interval 
hardly anv contractions of the left ventricular 
aneurysm were present. At exploratory thoracot- 
omy and pericardiotomy on July 17, 1957, 
almost the entire left heart consisted of the 
ventricular aneurysm with only a small normal 
functioning portion. Excision of the aneurysm 
appeared inadvisable. He did well following 
operation and was discharged on August 2, 
1957. His record contains a note that he was 
alive on December 12, 1962, and had been 
admitted to another hospital, 


Case v. Huge anterolateral ventricular an- 
eurysm; good dud ae hemodynamics precluded 
surgery. A 39 year old Caucasian man (N.Y.H. 
No. 8r1 770) was admitted for angiocardiog- 
raphy and cardiac catheterization on December 
8, 1958, in order to determine whether surgery 
should be performed for a ventricular an- 
eurysm. He experienced episodes of palpitation 
for § vears, averaging 2 attacks per vear. Three 
HEN before admission he was admitted to 
another hospital because of this and, following 
serial electrocardiograms, a diagnosis of myo- 
cardial infarction was made. After a 6 weeks’ 
period of bed rest, a large left ventricular an- 
eurysm was seen in the roentgenogram of the 
chest and transfer to this hospital was ar- 
ranged. On examination, the patient was found 
to be well deve loped, well nourished and in no 
distress. The heart was enlarged to the left 
axillary line. There irs no murmurs. The 
blood pressure was 135/85 mm. Hg. The elec- 
trocardiogram showed anterior apical myo- 
cardial infarction and regular sinus rhythm 
with a rate of 81. 
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Angiocardiograms on December 9, 19548, 
showed a huge left ventricular aneurysm (Fig. 


s 


5}. No movement of the aneurysm was seen 
during roentgenoscopy. Cardiac catheterization 
on December 11, 1958, showed slightly de- 
creased cardiac output during rest and exercise. 
The pulmonary wedge and right ventricular 
pressures were normal at rest, becoming only 
slightly increased after exercise. Although 
moderate impairment of left ventricular filling 
was found, the striking preservation of cardiac 
function, despite the myocardial infarction and 
aneurysm, precluded surgery and the patient 
was discharged. 


Case vi. Posterobasilar myocardial aneurysm 

surrounded by multiple calcifications, A 62 year- 
old Caucasian man (N.Y.H. No, 370 600) had a 
history of an acute posterior basal myocardial 
infarction in. 1940, which was TONS by 
angina and dyspnea on exertion. F 
later, in 1944, a left ventricular aneurysm ich 
paradoxical pulsations was noted. In 1955, 
intravenous angiocardiograms showed a large 
left ventricular aneurysm with thrombus and 
calcification of the wall. Cardiac catheteriza- 
tion, also in 1958, showed normal pulmonary 
capillary pressure at rest with moderate eleva- 
tion after exercise. The pulmonary pressure 
was also elevated at rest and increased after 
exercise, Cardiac surgery was not advised, 
since repair of the aneurysm was not expected 
to cause a significant increase in the cardiac 
output. 

The patient was readmitted on March 9, 
1965, 7 years later. At this time he complained 
of dyspnea on walking up 1 flight of stairs as 
well as nocturnal paroxysmal dyspnea, Chest 





pain had subsided and there was no edema of 


the legs. Physical examination revealed obesity 
and enlargement of the heart. An apical 
systolic murmur (Grade 4-6) was heard; the 
blood pressure was 152/80 mm. Hg. An electro- 
cardiogram showed normal sinus rhythm, left 
ventricular hypertrophy, and diaphragmatic 
myocardial infarction with peri-infarction con- 
duction defects. Conventional chest roent- 
venograms showed multiple calcifications of the 
apex of the heart extending below the dia- 
phragm (Fig. 6, 4, B and C). The preliminary 
circulation. time (decholin) was prolonged (15 
seconds). Angiocardiography showed an irregu- 
lar aneurysm of the left ventricle which was 
surrounded superiorly by thrombus. Inferiorly, 
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Angiocardiogram showing another 


Case v. 
huge apical myocardial aneurysm of the inflow 
portion of the left ventricle (arrow). 


Fiats 


considerable 
demonstrated 


below the apex of the heart, 
thrombus and calcifications were 


(Fig. 6, D, E and F) 


Case vit. Asvimptomatic ventricular aneurysm. 
A 62 vear old Caucasian man (N.Y.H. No. 
935 304) was admitted on December 12 2 T607. 
complaining of fever, cough, and right chest 
pain of 12 days’ duration. He had had pneu- 
monia in 1931 and 198 . He recalled. retro- 
sternal pressure and ae radiating to both 
shoulders and lasting 12 to 18 hours after 
chopping wood in 1962. He had consulted his 
physician who found elevation of the serum 
transaminase and depressed ST segments in the 
electrocardiogram. The patient had insisted on 
going on vacation and did not return until the 
present admission. On examination, he had 
mild fever, respiratory distress, dullness, rales, 
and a pleural friction rub at the right base of 
the lung. The heart was regular and the blood 
pressure was 130/50 mm. Hg. A systole (Grade 
1) murmur heard over the apex. The 
venous pressure was normal. 


The white blood 
cell count was elevated (11,200/mm.9), the 


Was 


sputum culture yielded a heavy growt th of 
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pneumococcus, and the sedimentation rate was 
35. Roentgenograms of the chest revealed 
pneumonia at the right base. The heart was 
enlarged and contained a nonpulsatile bulge 
along the posterior wall of the left ventricle 
(Vig. 7, A-D). Electrocardiographic studies 
showed normal sinus rhythm, occasional. pre- 
mature contractions, and anterolateral myo- 
cardial infarction. After the pneumonia sub- 
sided, intravenous angiccardiographic studies 
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lic. 6. Case vr. 7) Frontal teleroentgenogram 
of the heart. Arrow points to calcifications 
lost within the density of the diaphragmatic 
shadow. (B) Lateral view shows the calcifi- 
cations (arrow) to better advantage. (C) 
Right anterior oblique esophagram also 
shows the calcifications well (arrows). 





on February 20, 1963, revealed an aneurysm 
jutting from the posterior border of the heart 
which measured 4 by ¢ cm. during diastole and 
was surrounded by a thrombus measuring 2 to 
3 em. in thickness (lig. 7, E and F). Cine- 
angiocardiography revealed vigorous pulsations 
of the inflow portion of the left ventricle, but 
contractions within the aneurysm were stag- 
nant, sluggish, and feeble. The patient was 
treated with antibiotics and discharged on 
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hic. 6 (D) Frontal angiocardiogram demon- 
I ie 


strates a bilobed left ventricle with thick 


walls and thrombus. (E) Lateral angio- 
cardiogram (biplane of D) shows the calcit- 
cations at the apex of the heart to advantage 


(arrows), Also note the lobulation of the 


ventricle. (F) Left anterior oblique angio- 
cardiogram shows the aneurysm in the 
outflow region of the left ventricle (arrow). 


E 





February 27, 1963. He has been maintained on cough and dyspnea of 1 year’s duration, He 
digitalis and has remained asymptomatic. gave a history of recurrent attacks of dyspnea 


and chest pain, the last one 3 days prior to 
Case vin. Mentricular septal aneurysm, A 62. admission. On exa mination, the neck veins were 
vear old Caucasian man (N.Y.H. No. giz 635) distended, the liver was enlarged 6 cm. below 


| 
was admitted on July 11, 1963, complaining of the right costal margin, and moist rales were 
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Idco o7. Case vind 


7) Frontil teleroentgenogram of the chest showing unusual rounding of the contour of the 
left ventricle. (B) Lateral view showing a rounded mass in the center of the cardiac silhouette. (C) The 
left anterior oblique view showing the mass to be behind the heart. (D) In the right anterior oblique view, 


the ventricular aneurysm. is not discernible. 
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Fic. 7. CE) Frontal angiocardiogram, during diastole, shows an aneurysm of the left ventricle surrounded by 
thick wall and thrombus. (F) Frontal angiocardiogram, in systole, reveals the neck of the aneurysm (arrow). 


heard at the bases of the lungs. The heart was 
enlarged, there were no murmurs, and the 
blood pressure was 110/7c mm, Hg. The elec- 
trocardiogram showed regular sinus rhythm, 
rate go, marked left axis deviation, and old 
diaphragmatic and anterior wall myocardial 
infarctions. The roentgenogram of the chest 
showed moderate cardiac enlargement without 
bulging of the contours. Angiocardiograms on 
August 1, 1963, showed a 3 cm. in diameter 

"the ventricular septum (lig. 8, 
@ and B). Anticoagulant therapy was pre- 
scribed and the patient was discharged. He has 
attended the outpatient department since then 
and was well on his last visit on June 30, 1966. 


aneurysm ol 


Case ix, Pertcardial effusion complicating 
anterolateral myocardial aneurysm. (Presented 
through the courtesy of Dr. Barry T. Held of 
The Roosevelt Hospital, New York City.) A 64 
year old Caucasian man developed severe chest 
pain and dyspnea in October, 1964. The electro- 
cardiogram showed anterolateral myocardial 
infarction and a bulge was visible in the apico- 
lateral region of the cardiac silhouette (Fig. 9, 
A and B). Frontal intravenous angiocardio- 
grams showed an unsuspected pericardial 


and a huge left ventricular aneurysm (Fig. 9, 
C and D). He improved after diuretic therapy; 
surgical treatment was not advised. He has 
remained well and has been free of dyspnea and 
chest pain. 


Case x. Operation nol adetsed for patient with 
huge anterolateral myocardial aneurysm, A §2 
vear old Caucasian man (N,Y.H. No. 1008703) 
was admitted on March. 16, 1963, with a 
history of 2 attacks of myocardial infarction, 
4 and 241 years previously. The last attack was 
associated with aphasia, and right arm and leg 
weaknesses which cleared completely after a 
few days. Six weeks prior to admission, sudden 
onset of dvspnea occurred while driving a car, 
and he was rushed to another hospital where 
electrocardiographic studies failed to reveal an 
acute mvocardial infarction, Severe bulging of 
the left ventricle was noted and he was trans- 
ferred to this hospital. 

Phvsical examination revealed a moderately 


obese man in no distress. The lungs were clear. 
The heart was enlarged, there were no mur- 
murs, and the rate was regular. The blood 


pressure was 140/90 mm. Hg. The electro- 
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Fic, 8. Case vin. C4) Frontal angiocardiogram showing a ventricular septal aneurysm (arrow). 
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(B) Lateral angiocardiogram (biplane of Æ) also showing the septal aneurysm (arrow). 


anterolateral myocardial infarction of long 
standing, marked ST segment abnormalities, 
and peri-intarctional conduction defects con- 
sistent with a ventricular aneurysm. Roent- 
genographie studies of the heart showed a huge 
left ventricular aneurysm (lg. 10, .7, B and C) 
which was devoid of pulsations. The prelimi- 
nary circulation time (decholin) was prolonged 
(17 seconds). Biplane intravenous angiocardio- 
grams on March 16, 1995 showed a large 
saccular aneurysm, measuring 8.5 bv 10 cm., 
located at the apex of the heart and surrounded 
by thrombus measuring 3 cm. in diameter (Fig. 
to, D and E). Cineangiocardiography revealed 


vigorous contractions of the inflow portion of 


the let: ventricle with blood flow into a huge 
flaccid and rarely contracting aneurysm. Surgi- 
cal excision of the aneurysm was not advised 
because of the many attacks of myocardial 


infarction. [t was also feared that excision of 


the aneurysm would leave too little cardiac 
chamber tor proper hemodynamic action of the 
ventric e. 


Cask xi. Huge posterolateral ventricular an 
eurvsm following lobectomy for tuberculosis, A 
46 year old Caucasian woman (N.Y.H. No. 
913 927) was admitted on June 9, 1962, for 
nght upper and midcle lobe lobectomies be- 
cause of active pulmonary tuberculosis. Cough, 
expectoration, fever, and positive sputum had 
persisted for many months. Operation on 
August 30, 1962, was uneventful, but 48 hours 
later the patient became severely dvspneic 


and developed atrial fibrillation. The blood 
transaminase was elevated although after 


digitalis therapy regular sinus rhythm was re- 
stored. In a period of to weeks, the contour of 
the heart changed radically. A large bulge 
along the upper outer contour of the left 
ventricle became evicent, whereas prior to 
operation the heart was normal in size. Because 
of the ventricular aneurysm, anticoagulant 
therapy was begun. Congestive heart failure 
complicated the convalescence and delaved 
discharge until January 26, 1963. The sputum 
cultures became negative 4 months prior to 
discharge. 


Angiocardiographic Finding 
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gram ud d pened: d bf OR extending dos nid: [ue Op: mee outer yall of the right atrium (: 
above the diaphragm. (D) Fron a angiocardiogram shows the huge ventricular 
e entire outflow portion of the left ventricle. 


and elevating the heart 
aneurysm occupving th 


The patient attended the cardiac and anti- 
coagulant clinics and was wel March 24, 





1963, when palpitations and atrial flutter, rate 
180 with alternating 2:1 and 4:1 block, 
occurred. Four hours later there was spon- 
taneous restoration of regular sinus rhvthm, 


rate 96. The electrocardiogram showed left 
ventricular hypertrophy and ST and T wave 
abnormalities consistent with an old antero- 
lateral myocardial infarction. She was dis- 
charged on March 29, 1963, and was referred 
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for angiocardiography on April 8, 
blood pressure was 110/74 mm. Hg 

pressure was slightly elevate: land t tlie bd b eU 
circulation time (decholin) was 16 seconds. Phe 
preliminary roentgenogram of the chest showed 
marked cardiac enlargement with a huge bulge 
along the upper border of the left cardiac 
silhouette n e a Biplane angiocardiog- 
raphy reve i huge ventricular aneurysm, 
a IO m IO P CHISJA 2 e iteral 


wall of the left ventricle (Fi g. a and C). 
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FINDINGS 


Eigat of the 11 patients with ventricular 
aneurysm were dyspneic on exertion; the 
extent varving with the degree of heart 
failure. Fifty per cent of the patients also 
had coronary disease insufficiency evidenced 
by angina. Two patients had cardiac ar- 
P mia—atrial flutter and fibrillation 
(Cases vr and x1). One patient was asymto- 
matic M recovery from pneumonia (Case 
vir). The electrocardiograms of all the pa- 
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ic. 10. Case x. (4) Frontal esophagram show- 
ing the markedly eniarged left ventricle 
( B) Lateral esophagram showing a rounded 
mass within the confines of the left ven- 
tricle. (C) Left anterior oblique esophagram 
showing the posterior location of the ven- 
tricular aneurysm. 


tients showed either anterolateral or an- 
tero-apical myocardial infarctions. All bu 
3-of the patients had anterolateral or an- 
tero-apical ventricular aneurysms. One pa- 
tient had a ventricular septal aneurysm 
(Case viu, Fig. 8, 47 and B), and 2 others 
had aneurysms involving the postero- 
apical portion of the ventricle (Cases vir 
and xi). Linear c: e along the 
thinned lateral wall of the aneurysm were 
1 


found in 3 cases (Fig. 1; 2, Æ and B; and 
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Fic. 10. (D) Frontal angiocardiogram shows the huge apicolateral and posterior position of the aneurysm 


surrounded by thick thrombus (arrow), 
location of the ventricular aneurysm. 


3-7). Massive calcifications of the diaphrag- 
Ntc border of the left ventric = were seen 
in another patient (Case iv, Fig. 6, .7-/) 


: ght heart catheterization was A l 

2 patients (Cases 1v and v 
Tom were the pude ái sturbances 
sufficient to warrant surgical excision of the 
aneurvsm. Another patient (Case v) was 
explored and aneturvsmectomy was not 
considered warranted—this decision was 
made prior to the P vent of present dav 
open-heart techniques. Surgery was not of- 
tered 1 patient because he did not have 
complaints relative to the aneurvsm (Case 
viti). In 2 others, mild symptoms contrain- 
dicated surgery (Cases vir and 1x). One pa- 
tient was denied aneurysmectomy because 
of multiple myocardial infarctions (Case x) 


and another because of previous lobec- 
tomies for treatment of tuberculosis (Case 
SES 


DISCUSSION 


Holmes and Mackadven"™ recently pub- 
lished 6 cases of postinfarction ventricular 
aneurysms. Thev studied $ patients with 
selective left ventricular angiography. and 
thoroughly reviewed the literature on the 
subject. The clinical diagnosis of ventricu- 


. In none of 


(E) Lateral angiocardiogram (biplane of D) shows the centra 


lar aneurysm depends upon the recognition 
of an unusual bulge of the cardiac silhouette. 
This can best be seen along the apical and 
lateral surfaces of the left ventricle. If the 
bulge is small or indistinct, it tends to blend 
with the contours of the enlarged left ven- 
tricle, especially below the left diaphragm, 
and escapes recognition. Since the ventric- 
ular septum is within the cardiac silhou- 
ette, it is, therefore, inaccessible. Paradoxt- 
cal motion of the MEUN SIN is not a reliable 
sign because it may be present in patients 
who have suffered mvocardial infarctions 
without aneurysmal formation,’ and, 
rarelv, it mav be a normal finding. For 
these reasons, the pathologic diagnoses ot 
postinfarctional mvocardial aneurvsms are 
made more often than the clinical. ^ *? 
Some authors? have objected to the 
term of ventricular aneurysm, stating that 
the name of aneurvsm should be reserved 
for arteries, since an aneurysm usually in- 
volves vessels, especialh arteries. However, 
usage of the designation of ventricular 
aneurysm for a localized bulge of the ven- 
tricle has become generally accepted and 
hrmlv established in the literature. Only 
ventricular aneurysms following arterio- 


sclerotic myocardial intarctions are herein 








discussed. Other causes of left ventricular 
aneurvsms such as trauma (stab wounds 
and postoperative ventricular pseudo-aneu- 
rvsms?), infections (gumma, acute endo- 

is, and echinococcus), 
origin of left 








carditis, tuberculosis, 
and congenital (anomalous 
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4) Frontal teleroentgeno- 
characteristic bulge of à 
There ts 


Ies disC ass xh t 
gram showing th 
sntricular aneurysm (arrow). 








left ve 
old, inactive, right upper lung scarring due 
to tuberculosis. (B) Frontal angiocardio- 
gram shows a huge anterolateral ventricular 
aneurysm (arrow). (C) Lateral angiocardio- 
eram (biplane of B) shows the posterior 


~ 


location of the ancurvsm (arrow). 








coronary artery from the pulmonary ar- 
tery ^?) are not included. 

Selective cine coronary arteriography!" 
and coronary arteriography! have shown 
that total occlusion of the anterior descend- 


* 





ing branch of the left coronary artery 15 
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usually responsible for development of a 
left ventricular aneurysm. If the myocardial 
necrosis is limited to the apical and antero- 
lateral portions of the left ventricle and if 
the other coronary arteries are healthy and 
permit sufficient collateralization with the 
occluded coronary artery, necrosis, fibrous 
healing, and aneurysmal formation may 
follow in short order?? and cause few 
symptoms. Áneurysms involving the pos- 
terior portion of the left ventricle, however, 
are prone to involve the papillary muscles, 
produce mitral insufficiency, and arrhyth- 
mia. Only 1 patient in this series was 
asymptomatic, the others suffered from 
angina, arrhythmia, and congestive heart 
failure. Because of these complications and 
even though the mortality for excision of 
the aneurysm is high (up to 25 per cent), 
aneurysmectomy is advocated by many.?- 
$0218 Cardiac catheterization, particu- 
larly left ventricular pressure determina- 
tions, is important for selection of the case 
suitable for operation.51°"18 Selective 
coronary arteriography is especially valu- 
able for assessment of the state of the re- 
mainder of coronary circulation, since severe 
arteriosclerotic disease of the right coronary 
and circumflex coronary branch of the left 
coronary arteries may contraindicate op- 
eration.’° . 
Enlargement of the heart with a localized 
bulge of the left ventricle in the conven- 
tional roentgenogram of the chest, par- 
ticularly following myocardial infarction, 
is suggestive of ventricular aneurysm. 
When the bulge contains linear calcifica- 
tion (Fig. 24 and 34) and pulsates vigor- 
ously, paradoxically, or not at all, the 
diagnosis is certain. Sometimes, the heart 
may be minimally enlarged (Fig. 74) or 
contain massive calcifications (Fig. 6, B 
and C). In such instances, roentgenography 
and roentgenoscopy in various positions 
are necessary to fully visualize the aneu- 
rysm (Fig. 7, B, C and D; 9B; and 10, B 
and C) as well as the full extent of the cal- 
cifications. Also, the anterolateral and api- 
cal portions of the left ventricle, which 
ordinarily blend with the diaphragm, need 
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to be thoroughly studied by slightly turn- 
ing the patient to the right anterior oblique 
position (Fig. 24 and 6C). 

Contrast visualization of the left ventri- 
cle, either by intravenous or selective 
routes, further refines the diagnosis of ven- 
tricular aneurysm. The selectiveleftventric- 
ular technique is particularly valuable be- 
cause it enables the recording of pressures 
and the performance of coronary arteriog- 
raphy. Cineangiography employing con- 
trast medium also enhances the study of the 
motion of the heart, particularly of the 
aneurysm.) This has also been achieved 
by cineangiocardiography of the cardio- 
vascular system by the intravenous in- 
jection of contrast agent (Cases vi, vii, and 
x). Unusual thinning of the aneurysmal 
wall, and the size, shape, and amount of 
thrombus in it are regularly demonstrated 
(Fig. 1). Aneurysms of various sizes and 
shapes may be readily seen (Fig. 2, B and 
C; 3B; 45556, D, E, and F; 7, E and F; 8, 
A and B; 9D; 10, D and E; and 11, B and 
C). Intravenous angiocardiography, by the 
serial visualization of the entire cardio- 
vascular system, also permits recognition 
of disease of other parts of the heart, f.e., 
an unsuspected pericardial effusion (Fig. 
9C). The preliminary circulation time 
(decholin), when routinely used to establish 
the rate of blood flow for serial angiogra- 
phy," is a reliable measure of left ventricu- 
lar function and of the emptying time of the 
aneurysm. Further hemodynamic data re- 
garding the ventricle and aneurysm may 
also be obtained by the simultaneous 
electrocardiographic recording of the car- 
diac cycle. Obstruction and delay of blood 
flow through the aneurysm may be assessed 
thereby. Probably the greatest usefulness 
of angiocardiography is that it permits 
differentiation of ventricular aneurysms 
from other heart lesions such as cardiac 
tumors, adjacent mediastinal masses, peri- 
cardial cysts, and pericardial effusions.” 


SUMMARY AND CONCLUSIONS 


Intravenous angiocardiography in aseries 
of II patients with arteriosclerotic (post- 
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myocardial infarction) left ventricular an- 
eurysms permitted evaluation of the size 
and shape of the aneurysm, thickness of the 
myocardial wall, and thrombus. Assess- 
ment of the hemodynamic effect of the 
aneurysm was also obtained from study of 
the emptying and contraction states of the 
opacifed aneurysm and ventricle. Con- 
ventional roentgenography and roentgenos- 
copy in all positions, by demonstrating 
unusual bulging, calcification, and pulsa- 
tion of the ventricle, suggested the diagno- 
sis of ventricular aneurysm in IO cases; 
angiocardiography confirmed it. In 1 pa- 
tient, a ventricular septal aneurysm, un- 
detected by conventional  roentgeno- 
graphic techniques, was revealed by angio- 
cardiography. Selective left ventricular 
angiography and coronary arteriography 
are particularly recommended for securing 
significant indications for operative treat- 
ment (aneurysmectomy) because these 
techniques permit both the recording of 
pressures in the ventricle and aneurysm and 
the evaluation of the state of the coronary 
arterial circulation. Finally, angiocardiog- 
graphy allows differentiation of myocardial 
aneurysms from cardiac tumors, adjacent 
mediastinal tumors, and pericardial cysts 
and effusions. 


The New York Hospital—Cornell Medical Center 
525 East 68th Street 
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ROENTGEN DIAGNOSIS OF LEFT VENTRICULAR 
ANEURYSM* 


By LARS BJORK, M.D. 


UPSALA, SWEDEN 


HE successful surgical treatment of 

left ventricular aneurysms as reported 
by Björk, Cooley ef al? and others has 
emphasized the need for a method by which 
the exact diagnosis of this condition can 
be made. Clinically, the diagnosis is diffi- 
cult. Abrams, Edelist, Luria and Miller in 
1963 found only 4 of 65 autopsy cases in 
which the correct diagnosis was made intra 
vitam. Although in 1922 Sézary and Alibert! 
reported the first roentgen diagnosis of 
left ventricular aneurysm, the diagnosis is 
not readily made from conventional chest 
roentgenograms and fluoroscopy.” The find- 
ings at kymography and electrokymography 
are often difficult to interpret. Cineroent- 
genographic studies of the contours of the 
heart for the purpose of arriving at a diag- 
nosis of left ventricular aneurysm are not 
only difficult but may be misleading.’ An- 
giocardiography has been employed by 
Dotter and Steinberg‘ and others; however 
its use has been limited in the series of left 
ventricular aneurysms reported, Further- 
more, since there are no comparative 
studies on the diagnostic value of the con- 
ventional roentgen examination, it was felt 
that a report of our experience with 14 
operated on cases of left ventricular 
aneurysm would be of interest. 


MATERIAL 


The patients were all men and their ages 
varied from 22 to 60 years. All patients had 
conventional chest examinations before 
surgery, including fluoroscopy and cine- 
recording of the movements of the left 
ventricular wall. Angiocardiography, using 
the full size biplane technique, was per- 
formed in all patients. In 11 cases cinean- 
giocardiography in two different projec- 
tions was also performed. In addition, cor- 


TaBe I 


FINDINGS AT CONVENTIONAL ROENTGEN EXAMINA- 
TION OF THE CHEST IN I4 CASES OF 
LEFT VENTRICULAR ANEURYSMS 


Enlargement of the heart IO 
Left ventricular enlargement 8 
Abnormal left ventricular contour 
Calcifications in left ventricular wall I 
Abnormal (decreased) motility of part of 

left ventricular wall a 


onary angiograms were obtained in 8 of the 
patients. 

The positive findings at conventional 
roentgen examination of the heart are 
shown in Table x. Only 6 of the 14 cases 
showed a definite abnormal contour of the 
left ventricle with a more or less localized 
bulge. In these cases an abnormal motility 
of this part of the left ventricular wall 
could be seen on fluoroscopy and on cine- 
roentgenography in different projections. 
The frequently described paradoxical move- 
ments of this part of the left ventricular 
wall were not seen in these cases. Tracings 
from the cineroentgenograms showed that 
in 7 cases there was definitely decreased 
motility of part of the left ventricular wall. 
In some cases an apparent outward bulging 
of this part was thought to be observed at 
fluoroscopy; however, the tracings from 
the cineroentgenograms showed this to be 
an observer's error caused by the aneurys- 
matic part of the ventricular wall being 
immobile while the rest of the ventricular 
contour contracted. Thus,in less than half of 
these selected cases of left ventricular 
aneurysm did the conventional heart ex- 
amination give evidence of an aneurysm. In 
4 cases, no cardiac abnormalities whatso- 
ever could be detected and in the remain- 
ing 4 moderate enlargement of the heart 


* From the Department of Diagnostic Radiology (Head: Prof. Folke Knutsson), University Hospital, Upsala, Sweden. 
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and or the left ventricle could be detected. 
The findings at angiocardiography are 
shown in Table n. Detinite left ventricular 


enlargement was present in 8 of the 14 
cases; 13 cases had increased residual blood 


in the left ventricle at end systole. The 
onlv case not showing this was one of a 
peculiar, probably congenital, aneurysm 
with a verv narrow communication with 
the left ventricle. A true aneurysm, 7.e., an 
outpouching of part of the ventricular wall, 
was seen in 9 cases. In the remaining 4 
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Taste ll 


FINDINGS AT ANGIOCARDIOGRAPHY IN 14 CASES OF 
LEFT VENTRICULAR ANEURYSMS 





Left ventricular enlargement 3 
Increased residual blood in left ventricle is 
Left atrial enlargement 4 
Mitral insufhcrency s 
Local left ventricular aneurysm 7 
Stiff, smooth left ventricular wall E 
Paradoxical expansion of aneurysm 2 
Coronary angiogram positive 8 


(made in only X cases) 





lic. 1. (4) Angiocardiogram in diastole and (5j 
systole in a case of a large left ventricular an 
eurvsm. (C) Tracing of outlines of left ventricle 
(LV) and aneurysm (AN) in diastole (solid lines} 
and systole (dotted lines). Contractions of left 
ventricle are reduced. Volume vanations af an. 
eurysm are small. 
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was an immobile smooth area 
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i a of the aneurvsm in svstole was 
seen only in 2 cases with very large aneu- 
rvsms (Fi ig. 1, 7, B and C). Even in these 
cases, this paradoxical expansion was slight. 
In most of the cases, the aneurvsmatic part 
of the ventricle re m immobile during 
svstole, while the remaining part of the 
ventricular wall contracted (Fig. A, D 
and C). Mitral insufficiency was seen in 2 
cases, probably due to interference with the 
function of the papillary muscles from the 
aneurysm. In 8 cases where coronary angio- 
grams were obtained, occlusion of the main 
branches of the coronary arteries leading 
to the area of the aneurysm could be 
visualized. Cineangiocardiography was 
found to be very useful in demonstrating 
the immobile part of the left ventricular 


bic. 2. C4) Left ventricular aneurysm in 
diz NN and (42) systole. (C) Tracing shows 
the aneurysm to be unchanged while the 
rest of the ventricle contracts. 


wall, consistent with ventricular aneurvsm; 
however, it is important to chose the 
ad pro jection tor this study, as shown 

: 3, -£ and B. A difference in rota- 
tion | of ous 1$ degrees mav obscure this 
characteristic appearance of part of the 
left ventricular wall. 

DISCUSSION 

Even in this selected material, the roent- 
gen diagnosis of left ventricular aneurvsm 
could be made in onlv 6 of 14 cases at con- 
venous. chest an 2 SOROT 
most re ee T he a was RE in 
all cases except 1 in which a very small 
communication was present between the 
aneurysm and the left ventricle. The other 
13 all had increased residual blood in left 
ventricle at end systole, indicating impair- 
ment of left ventricular function, The much 
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Fro. 3. Tracings from cine-angiocardiograms of left 
ventricular systole. (4) In the right anterior 
oblique projection, the aneurysmatic immobile 
part of the left ventricular wall is not seen. (B) 
By turning the patient 15° more, the aneurysm of 
the posterior wall is clearly demonstrated. 


described paradoxical systolic expansion of 
the aneurysm was not particularly evident 
in this study. It seems that this so-called 
paradoxical movement represents rather a 
standstill of the aneurysmatic part of the 
left ventricular wall while the rest of it is 
contracting. When looking at the heart from 
the outside, a false impression of expansion 
of the aneurysm is obtained. Since the wall 
of the aneurysm is composed mainly of 
fibrous scar tissue with very little elastic 
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components, it is difficult to understand 
that expansion of the aneurysm may occur 
except to a very small degree. 

It would seem rational to use left 
ventricular angiocardiography extensively 
in suspected cases of left ventricular 
aneurysm. This method is highly reliable 
in providing the exact diagnosis and also 
permits an evaluation of the function of 
the left ventricle. 


SUMMARY 


In a series of 14 cases of left ventricular 
aneurysm, findings consistent with the 
diagnosis were present in only 6 cases at 
conventional roentgen examination of the 
chest. Left ventricular angiocardiography 
provided the correct diagnosis as well as in- 
formation on left ventricular function in 
13 of the cases. 


Department of Diagnostic Radiology 
University Hospital 
Upsala, Sweden 
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CARBON DIOXIDE CINEANGIOCAR DIOGRAPHY IN 
THE DIAGNOSIS OF PERICARDIAL DISEASE* 


By A. FRANKLIN TURNER, M.D., HARVEY I. MEYERS, M.D., 
GEORGE JACOBSON, M.D., and WILLIAM LO 


LOS ANGELES, CALIFORNIA 


HE limitations of the clinical examina- 

tion, electrocardiography, plain film 
roentgenography and conventional fluoros- 
copy in the diagnosis of pericardial effusion 
are well known. Reliance upon pericardio- 
centesis to establish the diagnosis entails 
some risk to the patient and has the added 
disadvantage that failure to recover peri- 
cardial fluid is not reliable evidence of ab- 
sence of effusion. Opaque contrast angiog- 
raphy has been employed in the diagnosis 
of pericardial disease.*]?* This is a rela- 
tively cumbersome procedure which also 
carries the risk of any injection of contrast 
medium. Carbon dioxide, on the other 
hand, has been used for a number of years 
in many institutions with only one fatality 
reported’ associated with its use. How- 
ever, the technique of using one or two 
films,” 991415 although very simple, has 
resulted in occasional difficulties both in the 
timing of the film sequence as well as some 
difficulties in interpretation. Stauffer ef al.” 
in 1960 stated that some of the difficulties 
in interpretation could be obviated by the 
use of cineroentgenography or serial tech- 
niques regularly used with opaque angiog- 
raphy. 

Carbon dioxide is 20 times more soluble 
in plasma than air or oxygen. This property 
allows the transient formation of a gas- 
blood level in the right atrium when the 
patient lies on his left side. This is the basis 
for the procedure. The usefulness of placing 
the patient in this position was established 
by Oppenheimer ef alë in studies of the 
treatment of venous air embolism. In this 
position even though the upper portion of 
the right ventricle may contain gas, the 
outflow tract of the right ventricle and the 
trunk of the pulmonary artery are kept 


dependent and filled with blood, so that 
flow to the lungs and systemic circulation is 
maintained. 

Right ventricular pressure determina- 
tions by right heart catheterization and 
electrocardiography showed no significant 
alteration in 2 patients who received 50 and 
60 cc. of intracardiac carbon dioxide in the 
supine position." In animal experiments, 
there was a brief rise of 5 to 10 volumes 
per cent in the whole blood carbon dioxide 
content and a maximum decrease of I to 2 
volumes per cent of oxygen content follow- 
ing the rapid injection of 7.5 cc./kg. body 
weight of carbon dioxide! into the systemic 
veins. Injections of the same amounts into 
the left heart and systemic arteries of dogs 
showed that even this was well tolerated. 
Carbon dioxide angiography is contraindi- 
cated in patients with impaired mecha- 
nisms of CO, excretion, such as far ad- 
vanced pulmonary emphysema, in whom 
danger of invoking severe CO, narcosis may 
occur. A relative contraindication is present 
in the severely ill patient with marked 
orthopnea who might not be able to main- 
tain the left lateral decubitus. position for 
the required length of time for proper film- 
ing. This report is the analysis of 100 cine- 
roentgenographic intracardiac carbon di- 
oxide examinations performed in go pa- 
tients (Table 1). 


TECHNIQUE 


All patients should have chest roentgeno- 
grams to determine whether a right pleural 
effusion is present, since right pleural fluid 
may overlie the heart when the patient lies 
on the left side and give an erroneous im- 
pression of an abnormally thickened right 
cardiac border. In patients with mobile 


* Presented at the Sixty-sixth Annual Meeting of the American Roentgen Ray Society, Washington, D.C., September 28-October 1, 


1965. 
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TABLE Í 
Band Fluid Wave Flattening Asymmetry i 
J : MEANS | uem : 
No. of Examinations 52 68 80 20 
No. of Patients 30 60 72 18 


right pleural effusions, intracardiac carbon 
dioxide angiography is postponed until 
after thoracentesis; in those with loculated 
effusions until after resolution of the fluid 
collection. 

The patient is placed on a stretcher lying 
on his left side in front of the upright fluoro- 
scopic table. A narrow stretcher is used, so 
that the image intensifier can be centered 
over the right atrium. A tank of 100 per 
cent carbon dioxide is attached to a syringe 
through a three way stop cock. A No. 18 or 
No. 19 needle is placed in the antecubital 
vein of the left arm and the needle and the 
vein are kept patent by the slow infusion of 
isotonic saline solution. A 50 cc. syringe is 
filled with carbon dioxide and all the tubing 
connected to the syringe and tank is flushed 
IO to 15 times. Áfter clamping the intrave- 
nous infusion tubing, £o cc. of carbon diox- 
ide is injected over a 2 to 3 second interval. 
The cine-flm is started just prior to the 
injection to record the flow of carbon di- 
oxide through the superior vena cava into 
the right atrium. The cine-film is run for 15 
to 30 seconds and then the heart is viewed 
intermittently fluoroscopically until the 
carbon dioxide bubble in the right atrium 
has been completely absorbed before the 
patient is returned to the supine position. 


RESULTS 


In evaluating the cine-films, the follow- 
ing criteria were used: (a) degree of pulsa- 
tion of the right cardiac border; (b) width 
of the opaque band; (c) presence or ab- 
sence of a fluid wave; (d) flattening of the 
opaque band; (e) asymmetry of the opaque 
band; (f) gas in other structures; and (g) 
spurious shadows. 





DEFINITION OF TERMS 


Degree of pulsation of the right cardiac 
border was evaluated by observing the 
pulsatile movement of the right cardiac 
border with the patient in the left lateral 
decubitus position and grading the ampli- 
tude of pulsations from o to 3 plus, with o 
representing absence of pulsation and 3 
plus normal pulsation. 

The opaque band refers to the composite 
shadow formed by the endocardium, the 
myocardium, the two layers of pericardium 
and the mediastinal pleura, which separates 
the radiolucency inside the right atrium 
produced by the carbon dioxide from the 
radiolucency of the right lung. The opaque 
band, allowing for magnification, is nor- 
mally less than 5 mm. thick. 

Fluid wave is defined as a changing thick- 
ness of the opaque band during the cine- 
roentgenographic examination. 

Flattening of the opaque band refers to 
the loss of the normal convex upper curva- 
ture of the carbon dioxide shadow.in the 
right atrium. 

Asymmetry of the opaque band refers to 
a constant variation in width of the thick- 
ened opaque band with either the cephalad 
or caudad portion of the band thicker than 
its central portion. 

Gas in other structures refers to carbon 
dioxide outside the right atrium. These 
structures have included the superior vena 
cava, the right ventricle, pulmonary ar- 
teries, the left atrium, pulmonary veins, the 
inferior vena cava, and the hepatic veins. 

Spurious gas shadows designate gas other 
than carbon dioxide in structures such as 
the main stem bronchus, pulmonary blebs, 
etc. 
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Tanis H Pane HI 
Band | l Abnormal Band 60 patients 
" | | Fluid Waves L'patients 
Pulsaton ^. | o pg D wer cod No Fluid Waves 9 patients 
— j T QQ t ETIN 22] eo POR 1 ye ey EEE wa gw 
= =" 25 7 4 2 the 68 by pericardiocentesis, surgery, oi 
E — autopsy. In the remaining 35 cases, there 
z z- 3 í : o 
Er er g i : was clinical ev idence of pericardi : disease. 
| x : ' , : Normal band width (Fig. 1, Z and B), 
s S t.e., less than 5$ mm., was found in 32 mises 
= m 5 " - à and of these 7 cases went to autopsv and 


PULSATIONS 


An attempt was made to correlate the 


degree of pulsation with the 
the opaque band (Table u). In only ap- 
proximately $0 per cert of the cases was 
there anv relation between decreased pulsa- 
tion and thickening of the opaque band. 
These findings support the views stated in 
the literature!" that there mav be normal 
pulsations with as much as a liter of peri- 


cardial fluid. 
OPAQUE BAND THICKNESS 
Band thickness was graded o to | E 


(o-less than ¢ mm.; 1+=6 to lo mm. 

24+=11 to 20 mm.; 3-- «greater than T 
mnm.). In our series of 100 examinations, 68 
showed a band thicker than s mm. Peri- 


cardial abnormalities were prov 


B 
Fic. 1. (4 and B) Normal atrial band. The band is 
less than 5 mm. in thickness allowing for magni- 


fication. SVC —superior vena cava, 


thickness of 


en in 33 of 


showed no evidence of fluid. [n the remain- 
Ing 25 cases, none was proven to have peri- 
cardial disease. 

Since pericardial fluid accumulates ante- 
rior to the heart to a gre eater degree than 
laterally"? and shows no significant i 'edistri- 
bution with changes in body position,’ it 

was difficult to quantitate the amount of 
Huid present by measuring the degree of 
band thi ckening. 


FLUID WAVES 


Fluid waves were present in z1 of 60 
patients (Table m) who had abnormal 


opaque bands. Of these 23 were proven to 
fluid by pericardiocentesis, surgery or 


have 










(A and B) Flattening and asymmetry of band 


in p who had constrictive pericarditis, 
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lac. 3. G7 and B) Symmetric band. Dotted onne 
represents Buil wave change with band remaining 
symmetric. 


autopsy. Twenty-six patients were clini- 
cally diagnosed as having pericardial etfu- 
sion and only 2 had clinical diagnoses of 
chronic pericarditis. No fluid waves were 
present in 9 of the 60 patients with abnor- 
mal opaque bands. In contrast, the clinical 
diagnoses in these patients were constric- 
tive pericarditis in 2, traumatic hemoperi- 
cardium in 2, pneumococcal chronic peri- 
rditis in 1, idiopathic chronic pericarditis 





in 1, Hodgkin's infiltrative pericardium in, ! 
I, resolving myocarditis and pericarditis 


in I, and uremic pericarditis in 1. Pericar- lic. 5. (A-D) Changing symmetry. T he thickened 
opaque band (64 al (C change '* ts symmetry 

throughout the cine run (B and D). Single i 

could by symmetric or asymmetric depending 

time taken. 


dial thickening was proven to be Ani in 
6 of 9 patients without fluid waves 


"de 
M 
— 
i 
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FLATTENING 


No fluid waves were present in anv of the 
& patients with flattening. Flattening was 
associated with asymmetry of the opaque 
band (Fig. 2, 7 and B) in 2 a itients proven 
to have constrictive pericarditis at surgery. 
Flattening was associated with symmetric 
thickened bands in 3 patients; 1¢ was never 
proven whether these patients had peri 
cardial fluid, thickening or both 


ASYMMETRY 





Asymmetry was present in 14 cases with 
and 4 cases without fluid waves (Fig. 3, 7 


1 


Fic, 4. (4 and B) Asymmetric band. Dotted line j ee 
represents fuid wave change with er remaining and B; 4, Aand B; and 5, 4-D). Two pa- 
asymmetric, tients n constrictive pe ericarditis proven 
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C O5 in Left Atrium 





and PB) Pericardial 


n ie visualized 1 
eins In patient vii atrial septal defect. 


lic. 6. (4 effusion with carbon 


at surgery had flattening, asymmetry and 


absence of a fluid wave. In the absence of 


Hattening, asymmetry was of no specific 


diagnostic value. 
GAS IN OTHER STRUCTURES 
The superior vena cava was observed in 
41 examinations. In 2 cases, the space be- 
tween the superior vena caval gas shadow 
and the lung was increased in width. Both 


patients had right pleural effusions, 1 due 


to congestive failure ard the other due to 
constrictive pericarditis. 

In 25 examinations, gas was iden tified in 
the right ventricle andi in 7 examinations 1t 
was seen in the right or main pulmonary 
artery. The inferior vena cava was visual- 
ized in 11 examinations and the hepatic 
veins in 4. The right atrial appendage was 
identified in 3 examinations. The left 
atrium and E veins were seen 1n à 
patient with an atrial septal defect (Fig. 6, 
Aand B). The crista terminalis? was identi- 
hed in 19 examinations. 





1 lef atrium and pulmonary 
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SPURIOUS SHADOWS 


Gas in the main stem bronchus, carina, 
and trachea occasionally was observed as a 
spurious gas shadow, but on cineroent- 
genographv it was readily discerned from 
gas in the atrium, superior vena cava, right 
ventricle and pulmonary artery. 


COMMENT 


The advantages of recording carbon 
dioxide injections by means of cineroent- 
genography are many when compared to 
single film techniques. First, there are me- 
chanical and technical advantages. The 
examination is. done under fluoroscopic 
control, 


The filming is started before gas is 





air in 
pericardial 
sac | 


| Absent fuid wave. Note air in 


4 


pericardial sac and marked thickening of peri- 
cardium due to lymphomatous infiltrate. CO, 


in right atrium also reveals fluid present. 
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injected. Timing problems are automatic- 
ally eliminated and a recording of gas in the 
right atrium is obtained in every. patient 
regardless of the speed of arrival in or dis- 
appearance trom the atrium, A satisfactory 
study has been obtained in a patient with 
superior vena caval occlusion by extending 
the examination to allow the gas to reach 
the atrium via collateral circulation to the 
inferior vena cava. Minor changes in the 
position of the patient can be made during 
the examination to assure optimal projec- 
tion of the gas shadow and the associated 
anatomic structures of interest to the 
examiner. The examiner gets an immediate 
impression of the pathologic changes pres- 
ent and knows instantly whether more 
studies or a repeat infection are necessary. 
Small amounts of gas may be used. An 
injection of ṣo cc. is almost always suff- 
cient since timing is not a critical factor 
with this technique. With this small 
amount of gas, there is less reluctance to 
make a repeat injection when this is neces- 
sary or desirable. Finally, the decision 
about when to permit the patient to lie 
flat is easily made since the disappearance 
of the gas from the right atrium is readily 
seen fluoroscopicallv. 

Besides the technical advantages of the 
cine-procedure, there are inherent advan- 
tages in the interpretation of the studies 
when compared to single film techniques. 
These result from a continuous recording of 
events as they occur, providing many indi- 
vidual roentgenograms, plus the facility for 
observing the dynamic phenomena not only 
of the gas bubble itself, but also of the 
associated anatomic structures, Thus ex- 
traneous lung markings, bronchi, and pul- 
monary vessels are readily discerned from 
the cardiac border by the inter-relationship 
of their dynamic changes. The most impor- 
tant conclusion to be drawn after the dem- 
onstration of an opaque band more than ; 
mm. thick is whether there is pericardial 
effusion or pericardial thickening. The 
visualization of a fluid wave indicates with 
a high degree of reliability that pericardial 
effusion is present. The absence of a fluid 
wave is indicative that there is pericardial 
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right 
ventricle 





crista terminalis 
Fic. 8. Diagram of crista terminalis of the right 
vena cava; fo=foramen ovale; CS- coronary 
sinus. 


thickening with or without the presence of 
small amounts of fluid (Fig. 7, £ and B). 
Asymmetry of the thickened opaque band 
is not of any specific diagnostic significance 
except when it is associated with flattening 
of the band. The two together are strongly 
suggestive of constrictive pericarditis. Pleu- 
ral effusion may give a false impression of 
pericardial effusion by causing an apparent 
thickening of the opaque band. Recording 
of the passage of carbon dioxide through 
the superior vena cava permits the diagno- 
sis of pleural rather than pericardial effu- 
sion by observing the widening of the space 
between the cava and the lung. This is 
easily included in the cine-examination. 
With pleural fluid, there may also be thick- 
ening of the band about the pericardium 
during expiration and thinning on inspira- 
tion. These findings are readily observed on 
the cine-film. 

The crista terminalis is a smooth muscu- 
lar ridge which is situated mainly on the 
lateral wall of the right atrium. It begins on 
the upper part of the septum and after 
passing anterior to the orifice of the supe- 
rior vena cava skirts the right margin of the 
orifice and then extends to the right side of 








crista terminalis 





thickening of right 
due to all the gas in right atrium being 
trapped behind crista terminalis. (C and. D) Same 
patient few seconds later with gas now in atrium 
proper demonstrating a normal atrial band. 


(4 and B) 


hic. 9. 
atrial band 


Apparent 


the orifice of the inferior vena cava where it 
is connected to the right end of the valve of 
the latter vessel. It occupies the site of the 
embrvologic right venous valve. It indi- 
cates the Junction between the part of the 
heart derived from absorption of the right 
horn of the sinus venosus (sinus venarum--- 
smooth walled) and the parts arising from 
the original atrium (trabeculated —rough 
walled).? 

Cineangiography offers a Irequent oppor- 
tunity to visualize the crista terminalis 
(Fig. 8) of the right atrium, but, more im- 
portant it clearly depicts the compartmen- 

talization which can occur and avoids the 
false positive interpretation (Fig. 9, ,7-D) 
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which is possible when, in a single film, all 
the gas in the right atrium is trapped pos- 
terior to the crista. 

The safety of carbon dioxide angiography 


is well established. Carbon dioxide has 
certain advantages over other injection 


media: it 1s removed rapidly trom the body 
so that injected amounts are not cumula- 
tive. It 1s a naturally present substance to 
which no sensitivity occurs. It causes no 
irritation to the veins and, therefore, causes 
no subsequent venous occlusion. Patients 
experience no unpleasant sensations with it 
and are, therefore, verv cooperative during 
its injection, 

We believe that the only contraindica- 
tion to the performance of carbon dioxide 
angiocardiography is severe pulmonary dis- 
ease in which carbon dioxide retention can 
cause difficulty to the patient. We do not 
believe that the presence of a left to right 
shunt contraindicates the procedure.” In 
the 1 patient in the series with an atrial 
septal detect, there was visualization of the 
left atrium and pulmonary veins, but the 
left lateral decubitus position caused the 
gas to remain trapped in the left atrium and 
pulmonary veins, permitting uninterrupted 
How of blood through the mitral valve into 
the left ventricle. 

We encountered no patients with pulmo- 
narv infiltrates adjacent to the heart. To 
our knowledge there were no false positive 
examinations due to the presence of peri- 
cardial fat. ? We encountered no intra-atrial 
tumors in the 100 examinations. There 
were no patients in whom the lett atrium 
protruded bevond the right atrial border. 


SUMMARY 


Carbon dioxide angiocardiography is a 
sate and simple diagnostic procedure to 
perform. It is more readily and more easily 
pertormed with cineroentgenography than 
with single film technique. One hundred 
studies were carried out in go patients. 
Cardiac pulsations were of no value in 
assessing the presence of pericardial fluid. 
The presence of a fluid wave in a thickened 
opaque band correlated well with the pres- 
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ence of pericardial effusion. The absence of 
a fluid wave in a thickened opaque band 
was indicative of pericardial thickening 
with or without the presence of small 
amounts of fluid. Asymmetry of the opaque 
band was of no specific diagnostic signifi- 
cance except when associated with flatten- 
ing; this combination is strongly suggestive 
of constrictive pericarditis. 

Compartmentalized gas due to the crista 
terminalis of the right atrium is clearly 
depicted and false positive interpretation 
which is possible in a single film, when all 
the gas in the right atrium is trapped pos- 
terior to the crista, can be avoided. Visuali- 
zation of the superior vena cava 1s of value 
in a more accurate assessment of right 
pleural effusion. 


George Jacobson, M.D. 
1200 N. State Street 
Los Angeles 33, California 
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ANOMALOUS PULMONARY VENOUS RETURN, 
PULMONARY SEQUESTRATION, BRONCHIAL 
ATRESIA, APLASTIC RIGHT UPPER LOBE, 
PERICARDIAL DEFECT AND 
INTRATHORACIC KIDNEY 


AN UNUSUAL COMPLEX OF CONGENITAL ANOMALIES 
IN ONE PATIENT 


By DOUGLAS FUSONIE, M.D.,* and WILLIAM MOLNAR, M.D.t 


COLUMBUS, OHIO 


To have been many congenital 
cardiovascular and respiratory defects 
described in the medical literature over the 
years. Some of these have been multiple 
anomalies. We were recently confronted 
with a unique combination of intrathoracic 
malformations which we believe merit re- 
porting. 
REPORT OF A CASE 

M.T., a 44 year old white woman, was ad- 
mitted to Ohio State University Hospital com- 
plaining of malaise, mild dyspnea and cough for 
the 6 months previous to admission. The pa- 
tient denied night sweats, chills, weight loss, 
hemoptysis or chest pain. She reported frequent 
mild respiratory infections since childhood. In 
1938 dextrocardia was diagnosed by physical 
examination and chest roentgenography. Pre- 
vious to admission at Ohio State University, 
the. patient had been seen at another hospital 
where a chest roentgenogram showed the 
dextrocardia, a questionable mass in the right 
hemithorax and possible collapse of the right 
lower lobe. At that time, bronchoscopy with 
biopsy was negative. 

Physical examination at Ohio State Univer- 
sity revealed a well developed, well nourished 
lady in no distress. A Grade in systolic murmur 
was heard over both sternal borders. A dis- 
tinctly different Grade 11 systolic murmur was 
present in the same area. There were decreased 
breath sounds over the right lower lung field, 
accompanied by decreased excursion. The liver 
was felt slightly below the costal margin on the 
right. 

Laboratory studies were within normal limits 
on admission. Chest roentgenograms were ob- 


tained. Dextroposition of the heart and a para- 
vertebral lobulated mass above the right dia- 
phragm were seen on the study (Fig. 1, £ and 
B). There was also a generalized haziness over 
the lower half of the right lung field as seen on 
the posteroanterior roentgenogram. Air was 
noted under the diaphragm after a diagnostic 
pneumoperitoneum. The possibilities of se- 
questrated lung or tumor were entertained. 
Pulmonary function was somewhat depressed 
with a maximum breathing capacity of 46 per 
cent of predicted and a vital capacity of 81 per 
cent of predicted. 

Because of the possible sequestration in the 
right hemithorax, retrograde thoracic aortog- 
raphy was carried out. The findings were inter- 
esting. The right kidney was seen herniated into 
the thorax apparently through the foramen of 
Bochdalek. The right renal artery arose in the 
normal position, and coursed superiorly to 
supply the thoracic kidney (Fig. 2). Adjacent 
and medial to the right kidney was a smaller 
mass which apparently had its blood supply 
from the abdominal aorta. The vessel originated 
at the renal artery level and went superiorly 
and posteriorly to supply this sequestrated 
right lower lobe (Fig. 2). A vein was seen de- 
scending vertically to the region of the middle 
third of the right diaphragm. This was assumed 
to be an anomalous venous return emptying 
into the inferior vena cava. 

Subsequently, right heart catheterization 
with angiography was done (Fig. 3 and 4). 
Dextroposition and dextrorotation of the heart 
were well visualized. The left pulmonary 
arterial branches had normal distribution. On 
the right, the overexpanded middle lobe re- 
ceived branches from the pulmonary artery. 


* Assiatant Resident in Surgery rotating through Department of Radiology. 
T Professor of Radiology, Department of Radiology, The Ohio State University, Columbus, Ohio. 
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Fic. 4. Right heart angiogram, venous phase, 
illustrating a single anomalous pulmonary vein on 
the right, apparentlv returning to the inferior 
vena cava (arrows). The left atrium is small and 
the venous tributaries on the left are abundant. 


However, the branches to the right upper and 
lower lobes were absent. In addition, part of the 
right side of the pericardium was apparently 
abser.t, allowing the atrium to project out, free 
of restraint. In the venous phase of the angiog 
raphy, a large anomalous right pulmonary vein 
was seen passing from the apical region to the 
diaphragm and apparently into the inferior 
vena cava. Bronchography was done and 
showed atresia of the right upper lobe bronchus 
and aplasia of the right upper lobe in addition 
to the hypoplasia of the rest of the right bron- 
chial tree (Fig. 5). 

It was now obvious that this patient had 
sequestration of the right lower lobe with its 
anomalous arterial supply, a partial anomalous 
pulmonary venous return, atresia of the right 
upper lobe bronchus with aplasia of the right 
upper lobe, partially absent right side of the 


pericardium, intrathoracic kidney, and dextro- 
position and dextrorotation of the heart, prob- 
ably secondary to the pulmonary pathology. 

Since the patient had minimal svmptoms, no 
surgical intervention was planned. She was 
reassured and discharged. 


DISCUSSION 


This case represents an uncommon col- 
lection of intrathoracic, cardiovascular and 


352 Douglas l'usonie and William Molnar 


JENE, 1966 


respiratory anomalies in a single patient. 
To our knowledge, they have not been de- 
scribed before as all occurring in one pa- 
tient. 

Individually, or in combinations these 
anomalies are interesting and important, 
not only from the present day medical, 
surgical and radiologic standpoints, but 
also historically. 

In 1939, Winslow (quoted by H. Brody!) 
described drainage of pulmonary veins into 
the right side of the heart. Since then the 
anomalous pulmonary venous return has 
been reported quite often. Brody! in 1942, 
reviewed all of the 100 cases in the litera- 
ture to that time and presented 2 more of 
his own. We know now that an anomalous 
pulmonary vein can empty at a number of 
areas and is frequently accompanied by 
other vascular anomalies. There may be 
accompanving dextroposition of the heart 
and the right lung may appear hvpoplastic.? 
In 1956, Edwards and Helmholz’ gave a 
classification of anomalous venous return 
depending on site of drainage and accom- 
panving cardiac malformation. The two 
basic types of pulmonary venous drainage, 
complete and incomplete, are totally dif- 





upper lobe bronchus (long white arrow), overex- 
pansion of the right middle lobe, and hypoplasia 
of the right lower lobe bronchi (feathered arrows). 
There is also separation of the basal segment 
bronchi by the described lobulated mass (short 
white arrow). 
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ferent in prognosis. Complete pulmonary 
venous drainage, without additional de- 
fect, is incompatible with life, returning no 
pulmonary blood to the left heart. Incom- 
plete drainage is compatible with long life, 
particularly if the drainage empties into the 
inferior vena cava, as in the case of our 
patient. Most cases with the vein emptying 
into the inferior vena cava are asympto- 
matic. However, there is a left to right 
shunt which on occasion is severe enough 
to cause considerable fatigue and dyspnea.? 

Sequestration of the lung with its 
anomalous pulmonary artery was probably 
first noticed by accident. In 1940, Harris 
and Lewis reported a fatal complication 
in a $ year old girl undergoing a right 
lobectomy for pulmonary abscess. The 
lobe was sequestrated with an anomalous 
pulmonary artery from the aorta unrec- 
ognized. Subsequently, in 1946, Pryce!’ 
reported 7 cases of anomalous pulmonary 
artery with intralobar sequestration. 

Sequestration with anomalous pulmo- 
nary arteries has been reported by many 
writers since.?:?.10.14.15.18 Although occurring 
almost exclusively in the basilar segments 
of the lower lobes, it has been described 
rarely in the upper lobes." It has been 
pointed out for some time that an anom- 
alous pulmonary artery may supply (a) 
normal lung, (b) sequestered lung, and (c) 
both normal and sequestered lung.! The 
artery arises from the lower thoracic or 
upper abdominal aorta. In our patient it 
arose from the abdominal aorta and sup- 
plied both the sequestered lobe and a small 
portion of apparently normal lung. Angiog- 
raphy has become important in the diag- 
nosis of these entities and 1s important as 
a preoperative work-up, as pointed out by 
Kenney and Eyler. Cough, purulent spu- 
tum, fever and even severe bronchopneu- 
monia may occur. If the complications are 
sufficiently severe and chronic, surgical 
excision of involved segments is the proper 
treatment. 

Absence of a portion of the pericardium 
has been reported on numerous occasions. 
It accompanies diaphragmatic hernia in 
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some cases and is unusually asympto- 
matic 7,11,18 


SUMMARY 


An unusual case is reported in which 6 
distinct anomalies with 2 apparently sec- 
ondary abnormalities were present. These 
have been demonstrated by means of 
angiography and bronchography. 

By using bronchography and particu- 
larly angiography early, we were able to 
identify the thoracic abnormalities and 
avoid exploratory operation. 

In addition, the roentgenologic appear- 
ance of the sequestration and of the anom- 
alous pulmonary venous return, provided 
more than one possible explanation for the 
mild fatigue and minimal dyspnea the 
patient had. 

Operative correction would entail a 
very radical procedure in view of the 
numerous anomalies present; however, 
since the patient's symptoms were minimal, 
it was not advised. 


William Molnar, M.D. 
Department of Radiology 

Ohio State University Hospitals 
410 West toth Avenue 
Columbus 10, Ohio 
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CONGENITAL CORONARY ARTERIAL FISTULA TO 
A PERSISTENT LEFT SUPERIOR VENA CAVA* 


By FLORENCIO A. HIPONA, M.D.f 


NEW HAVEN, CONNECTICUT 


N CORONARY arterial fistula, the cor- 

onary artery abnormally communicates 
directly with the different cardiac cham- 
bers, coronary sinus or pulmonary artery.l? 
The present case is unique in that the 
arteriovenous fistula involves the posterior 
circumflex branch of the left coronary 
artery and a left superior vena cava. 


REPORT OF A CASE 


J.B. (G-NHCH 44-11-67). This 43 year old, 
gravida 4, para 2, white female was admitted 
for evaluation of a cardiac murmur. A continu- 
ous murmur was incidentally discovered during 
her second pregnancy, 9 years previously. She 
had mild easy fatigability throughout her life 
which did not bother her significantly, so that 
she never sought medical attention. 

Six years ago, her easy fatigability increased 
and was associated with intermittent fever for a 
period of approximately 4 months. She was con- 
fined for a period of 54 weeks in another hospital 
for subacute bacterial endocarditis and cardiac 
failure. She was treated intensively with digi- 
talis, mercurials and antibiotics. 

Five and a half years ago, she underwent a 
posterolateral thoracotomy with a presumptive 
diagnosis of persistent ductus arteriosus. In- 
stead, a ligamentum arteriosum was found and 
ligated. A left superior vena cava was seen 
where a thrill was felt. Proximal occlusion of the 
left superior vena cava did not change the char- 
acter of the thrill. A continuous murmur was 
audible over the left superior vena cava and 
pulmonary artery. A brief exploration failed to 
elucidate the cause of the thrill and murmur. 
Without opening the pericardium, the opera- 
tion was terminated. 

Five years ago, she had had intravenous 
angiocardiography and right heart catheteriza- 
tion. The significant findings in the catheter- 
ization data (Table 1) were a step-up in oxygen 
content of the right atrial sample from that of 


the right superior vena cava. Three years ago, 
another right heart catheterization failed to 
delineate the lesion. One year ago, she was re- 
admitted because of increasing easy fatigability 
and palpitations. Further studies were done 
which included retrograde aortography and left 
ventriculography. 

At the age of 5, she had had empyema from 
pneumonia of the left lower lung. Tonsillectomy 
and an adenoidectomy had been performed at 
the age of 10 years. 

Physical Examination. This revealed a well 
developed, well nourished female in no distress 
with a pulse of 90/min. and blood pressure of 
126/80 mm. Hg in the right arm. Pertinent 
findings were centered in the heart, which was 
slightly enlarged to percussion, although the 
point of maximal impulse was at the sth inter- 
space in the left mid-clavicular line. The second 
sound was louder at the aortic area than at the 
pulmonic area. A Grade 11-111/IV continuous 
machinery-like murmur with systolic and dia- 
stolic accentuations was maximally heard at the 
3rd interspace of the left parasternal region. 
The rest of the examination was normal. 

Laboratory Examination. Blood studies, urin- 
alysis and circulation time were normal except 
for 17.9 units bromsulfonphthalein retention in 
45 minutes. The electrocardiogram showed 
minor nonspecific ST-T segment changes with 
no ventricular hypertrophy. 

Roenigenographic Examination. Chest roent- 
genograms with barium swallow (Fig. 1, £ and 
B) showed minimal cardiomegaly without spe- 
cific chamber enlargement. The ascending aorta 
was moderately prominent. The pulmonary 
vascularity was normal and the lungs were 
clear. 

Intravenous angiocardiograms (Fig. 2, 4 and 
B), from the left antecubital vein, showed bi- 
lateral superior venae cavae with a communi- 
cating innominate vein. The superior half of 
the left superior vena cava was narrow and half 
the size of the inferior portion. There was a 
mixing defect in the left vena cava, about 4 cm. 


* From the Department of Radiology, Yale University School of Medicine and the Radiologic Service, Yale-New Haven Hospital. 
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CATHETERIZATION DATA 


Catheter Position 


Right superior vena cava 


Right atrium — mid 
— outHow 
Right ventricle —inflow 
—outfow 


Pulmorary artery 
Femoral artery ~ —room wr 
-breathing 100% oxygen 
for 3 minutes 


above its Junction with the coronary sinus. The 
dextro- and levo-angiocardiographic phases 
were normal except for a dilated ascending 
aorta, The coronary arteries were poorly visual- 
ized. 

Lett ventriculography and retrograde aorto- 
grams i Fig. 3, ,7 and B) demonstrated neither a 
ventricular septal defect nor aortic valvular 
insufficiency. The ascending aorta was dilated. 
The right coronary artery was normal. The 
anterior descending branch of the left coronary 
artery was not identified. The posterior circum- 
Hex branch was dilated and very tortuous. Its 
distal ramifications were not visualized. There 
was immediate faint opacification of the left 
superior vena cava with the flow directed 


Oxygen Content Oxygen Saturation 
(volume per cent) 


Pressure 


(per cent) (mm. Hg!) 


14.5 i4 d 
1455 72.8 $/2 
[6.7 85,2 
& n: | 3^ 
Pas pepe 1 ae A 
S.S 79.0 
I.N 50.86 20; 7 
[g.O 96.3 126/70 
20.8 1Ol.4 


through the coronary sinus to the right atrium, 

Operative Findings. Immediately visible on 
opening the pericardium was a dilated left 
coronary artery which coursed posteriorly and 
inferiorly to the tip of the left atrial appendage. 
After sharp dissection in this region, it was 
apparent that a branch of the posterior circum- 
Hex artery, 85-9 mm. in diameter, communicated 
with a persistent left superior vena cava. Bran- 
ham's sign was positive. The fistula was then 
divided and both ends were repaired. 

Follow-up. Vhe continuous murmur disap- 
peared after surgery. She has been asymptomat- 
ic for the last 2 vears. Chest roentgenograms 
have shown no change in the prominent ascend- 
ing aorta and minimal cardiomegaly. 





Fic. 1. G4) Posteroanterior and (8) left anterior oblique chest roentgenograms show 
minimal cardiomegaly and a very prominent ascending aorta, 
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lic. 2. Gf and. B) Intravenous angiocardiograms demonstrate bilateral superior venae cavae. An indirect 
sign of the coronary arterial fistula is seen as a mixing defect (arrows) in the central and anterior aspect of 





superior vena caval. 





ic. 3. G4 and B) Biplane retrograde aortograms reveal a tortuous and dilated posterior circumflex coronary 





artery (PCA) as compared to the normal right coronary artery. A left-to-right shunt is shown by im- 





mediate faint opacification of the left superior vena cava (LSVC) and coronary sim 
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DISCUSSION 


A precordial continuous murmur is a 
consistent sign of coronary arterial fistula. 
The location and intensity of the murmur 
depend on the site and degree of the shunt. 
Signs of left-to-right shunt may be mani- 
fested as right heart enlargement, promi- 
nent pulmonary artery segment and in- 
creased pulmonary vascularity in the chest 
roentgenograms. In this and other cases, 
a dilated ascending aorta was present. 

The evidence for left-to-right shunt is 
present in the arteriovenous fistula where 
the coronary artery communicates with the 
coronary sinus, right atrium, right ven- 
tricle, or pulmonary artery. Since the cor- 
onary sinus and left superior vena cava 
were not catheterized in this case, only the 
approximate site and degree of the shunt 
are known. Although cardiac catheteriza- 
tion does not indicate the anatomic cause 
of the left-to-right shunt, its precise loca- 
tion and magnitude can be determined in 
most instances. 

In the rarer type of arteriosystemic 
fistula where the coronary artery commu- 
nicates with the left atrium or left ventricle, 
the hemodynamic pattern of aortic in- 
sufficiency occurs without evidence of a 
left-to-right shunt. Right cardiac cathe- 
terization in these cases is noncontributory. 
Chest roentgenograms may reveal left 
ventricular enlargement and aortic dilata- 
tion. 

The lesions frequently considered 1n the 
differential diagnosis are: persistent ductus 
arteriosus, aorticopulmonary window, aor- 
tic sinus of Valsalva aneurysm, aortic 
valvular regurgitation, ventricular septal 
defect with aortic insufficiency, anomalous 
origin of the coronary artery from the pul- 
monary artery, atrial septal defect with 
mitral stenosis, and partial anomalous pul- 
monarv venous return. The pathophysiol- 
ogy has been extensively discussed by 
Gasul and associates.! 
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The definitive examination is selective 
coronary arteriography or retrograde aor- 
tography. It delineates the involved cor- 
onary artery and the site of the shunt to 
best advantage. In the case presented, aor- 
tograms demonstrated the fistula from the 
posterior circumflex branch of the left 
coronary artery to the persistent left supe- 
rior vena cava. In retrospect, the lesion is 
shown as a mixing defect in the left superior 
vena cava by intravenous angiocardiog- 
raphy. 

The majority of patients with coronary 
arterial fistula have been asymptomatic. 
However, congestive failure, thrombosis 
and embolism, as well as bacterial endo- 
carditis may occur as complications.? The 
lesion is correctable and must be treated 
surgically.? 


SUMMARY 


A case of congenital coronary arterio- 
venous fistula of the left coronary artery 
(posterior circumflex branch) to a persis- 
tent left superior vena cava is reported. 
The lesion was diagnosed preoperatively by 
retrograde aortography. Successful surgery 
led to complete recovery. 


Department of Radiology 

Yale University School of Medicine 
789 Howard Avenue 

New Haven, Connecticut 06504 
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ROENTGENOGRAPHIC ANATOMY OF HUMAN 
CORONARY ARTERIES* 


By WILLIAM H. SEWELL, M.D. 


SAYRE, PENNSYLVANIA 


CCURATE identification of coronary 
arterial branches 1s important in the 
interpretation and description of coronary 
arteriograms, especially if surgery 1s being 
considered. Learning the roentgenographic 
anatomy was found to be difficult. Despite 
careful and complete descriptions in the 
anatomic literature, descriptions and photo- 
graphs of the arteries in the exact projec- 
tions used in roentgenography are rare, and 
may not include variations in different 
phases of the cardiac cycle. 

The authoritative and beautifully illus- 
trated book by James! has been most help- 
ful. However, gaining a thorough under- 
standing of the anatomy required com- 
parison of photographs in James' book with 
3 dimensional vinylite corrosion casts of 
human coronary arteries. These casts were 
turned to the proper projection and were 
compared with coronary arteriograms. 

Conclusions drawn from the study of 55 
of these corrosion casts, information ob- 
tained from Drs. Sones and Shirey, and 
coronary arteriographies personally per- 
formed on 250 patients are discussed herein. 


TECHNIQUE 


Selective cine coronary arteriography 
was performed with individual catheteriza- 
tion of the right and left coronary arteries, 
following the method of Sones and Shirey? 
as closely as possible. Contrast medium 
was injected in the left and right anterior 
oblique projections, and sometimes in the 
posteroanterior also.  Roentgenography 
usually was done while the patient held a 
deep breath. The technique has recently 
been described in detail. 

Single frames shown herein were repro- 
duced from the 35 mm. film with apology 


* From Veterans Administration Hospital, Oteen, North Carolina. 


for the fact that single frames can never 
show as much as viewing the pictures in 
motion, and can actually be misleading 
diagnostically. 


FINDINGS 


RIGHT CORONARY ARTERY—LEFT ANTERIOR OBLIQUE 
PROJECTION (Fig. 1 through 4) 

The right coronary artery follows the 
atrioventricular groove and is near the 
right border of the cardiac shadow during 
diastole. The midportion of the right 
coronary artery is usually somewhat inside 
the shadow during systole. The artery 
goes toward the patient’s right initially. It 
turns downward until it reaches the acute 
margin. A second bend is usually apparent 
at the acute margin, and the artery usually 
passes beneath the shadow of the dia- 
phragm for the remainder of its course, un- 
less the heart is vertical and the patient 
can take a very deep breath. The right 
coronary artery usually follows the atrio- 
ventricular groove to the crux (the point 
where the atrioventricular, interventricu- 
lar, and interatrial grooves meet on the 
posterior aspect of the heart). The right 
coronary artery usually curves (Fig. 1, 4 
and B; and 2, 4 and B) upward just before 
reaching the crux, and often extends a short 
distance to the left of it in the atrioventric- 
ular groove (Fig. 3, 4 and B). It rarely 
goes as far as the obtuse margin. The distal 
right coronary artery occasionally gives 
collateral channels to the distal circumflex 
on the left of the crux. 

Branches of the right coronary artery 
are rather variable. The conus branch is 
sometimes seen arising very near the origin 
and goes towards the left. It sometimes 
arises from the sinus of Valsalva as a sepa- 
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Vic. 1. G4 and B) The right coronary artery in the left anterior oblique projection, 
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Fic. 2. CZ and B) The same right coronary artery asin Figure 1, 4 and B showing the effects of a deep breath. 
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. C4 and B) The right coronary artery of another patient in the left anterior oblique projection, 


Pane. of 
DIG. 3 


"Vor. 97, No. 2 


rate opening, and in that case would prob- 
ably not be opacified by an injection di- 
rectly in the origin of the right coronary. 
It may be a source of collateral channels to 
the anterior descending. 

The artery to the sino-auricular node 
arises from the right coronary in about half 
of the cases. It arises from the first 1 cm. or 
2 cm. and goes obliquely upward and to the 
left (Fig. 1, 7 and B; and 2, A and B). It is 
occasionally quite prominent and may 
rarely be a source of collateral channels to 
the circumflex through the left atrial 
branch. 

One or two anterior right ventricular 
branches are usually found. They arch up- 
ward into the right for a short distance and 
- then go downward to the left. They vary 
considerably in number, size, and position. 
These may also give collateral channels to 
the anterior descending artery. 

There are usually 1 and sometimes 2 
moderate sized or large right marginal 
arteries, which arise from the second or 
third quarter of the distance between the 
origin of the right coronary artery and the 
acute margin (Fig. 1 through 3). They 
curve irregularly and usually go downward 
near the right edge of the cardiac shadow. 
They often overlap the midportion of the 
right coronary artery during part of the 
cardiac cycle. 

There is often a right posterolateral 
branch of the right coronary artery arising 
near the acute margin and passing to the 
left and slightly downward. It is often com- 
pletely beneath the diaphragmatic shadow 
and can be seen only if the technique used 
wil provide visualization through the 
diaphragm. 

Occasionally, this posterolateral branch 
is equal to or larger than the distal right 
coronary artery. Such a branch usually 
crosses the posterior right ventricle and 
reaches the posterior interventricular 
groove (Fig. 2, 4 and B). It, therefore 
serves areas normally supplied by the pos- 
terior descending artery, which in this in- 
stance would probably be very small. 

The artery to the atrioventricular node 


Roentgenographic Anatomy of Human Coronary Arteries 


361 


in the upper portion of the septum is usu- 
ally seen as a very small artery going 
straight upward and identifies the crux 
(Fig. 3, 4 and B). 

There is commonly a large posterior 
descending artery arising proximal to the 
crux and another arising distally (Fig. 3, 
A and B). There may be one in the poste- 
rior interventricular groove. There are 
sometimes as many as 4 medium size pos- 
terior descending arteries located to the 
right, left, and/or in the groove in any 
combination of sizes and locations. The 
posterior descending artery passes down- 
ward and perhaps slightly to the left at 
first. It usually is coming directly at the 
observer in the mid or distal portion. Here, 
it is likely to be beneath the diaphragma- 
tic shadow, particularly if the patient can- 
not or does not take a very deep breath. A 
deep breath may improve visualization 
markedly, as in Figure 24. 

The distal posterior descending artery is 
occasionally connected to the distal anterior 
descending artery by a collateral channel 
going around the apex. The direction of 
movement of blood through this collateral 
channel would be toward the artery with 
the more severe obstruction. 

The posterior portions of the right and 
left ventricle are supplied by the circum- 
flex artery in about 10 per cent of patients. 
In these instances the right coronary ar- 
tery ends between the acute margins and 
the crux without giving any large postero- 
lateral branches (Fig. 4, £ and B). 


RIGHT CORONARY ARTERY——RIGHT ANTERIOR OBLIQUE 
PROJECTION (Fig. 5, 4 and B) 

The proximal portion of the right coro- 
nary artery is seen largely on end in this 
projection. The midportion is well seen. It 
usually moves downward and slightly to- 
ward the spine. The portion distal to the 
acute margin is likely to also be seen more 
or less on end. 

A conus branch, the anterior right ven- 
tricular branches, and the right marginal 
branches go anteriorly, and are more or less 
parallel to each other. 
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Fic. 4. (4 and B) The right coronary artery of a patient with left coronary 
preponderance in the left anterior oblique projection. 


If there is only one posterior descending 
artery present, the portion that is not be- 
low the diaphragm wil probably be well 
seen. However, several posterior descend- 
ing arteries are usually largely superim- 
pesed on each other. They may separate 
somewhat during some portion of the car- 
diae evcle. This view may demonstrate a 
constriction in. the proximal posterior 
descending artery better than the left 
oblique projection, but such lesions are very 
rare. 





The right anterior oblique projection of 
the right coronary arterv, therefore, 1s un- 
likely to give much useful. information 
which cannot be obtained in the left an- 
terior oblique projection, and was usually 
omitted in the coronary arteriographies in 
this series. 

LEFT MAIN CORONARY ARTERY-——LEFT ANTERIOR 

OBLIQUE PROJECTION (Lig. 6, 4 and B; 
and 9, £ and B) 

This artery is usually large in diameter 

and its length is less than the diameter. It 
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Fic. 5. Cf and B) The same right coronary artery as in Figure 3, Z and B 
seen in the right anterior oblique projection. 
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hic. 6. (2 and B) A left coronary artery in the left anterior oblique projection. 
is generally seen well only in the left where it disappears into the diaphragmatic 


anterior oblique projection, and may be 
overlapped by the sinus of Valsalva or the 


anterior descending artery if the amount of 


obliquity varies slightly. The region of its 
branching to 2, 3, or more arteries 1s diffi- 
cult to demonstrate well. Sometimes a 
shght change in the degree of obliquity 
helps considerably and injections are rou- 
tinely done in at least 2 left oblique posi- 
tions. 

Occasionally, the left main coronary 
artery is nonexistent and the anterior de- 
SéenaMig and E T c. Ten 


dnce must tic: be E m RECS 

for adequate demonstration ar teriographi- 
cally. Occasionally, because of lavering and 
streaming of the medium, an injection 
appears 
Valsalva but will show only the circumflex 
or the anterior descending artery even 
though the other 1s present and normal. 


ANTERIOR DESCENDING ARTERY LEFT ANT 
OBLIQUE PROJECTION (Fig. 6, Æ and B: 
and 9, ,7 and 5) 


RREOR 


The anterior descending arterv usually 
passes downward at an angle of 20 to 44 
degrees to the right. It tapers graduallv as 
it approaches the apex. The proximal por- 
tion of the anterior descending arterv is 
seen almost on end in this projection but 
the midportion is well seen. It can easily 
be followed to the apex or to the point 


to opacifv all of the left sinus of 


shadow. The distal end 1s not usuallv seen 
well in this projection if it passes around 
the apex, as it commonly does. It may give 
a collateral channel to the posterior. de- 
scending artery. 

A single septal artery is usually seen in 
this projection. It appears as a long thin 
artery which tapers slowly; it goes į to 3 
the distance to the d Occasionally, 
multiple septal arteries are seen in this 
view. The origins are usually obscure, be- 
cause of overlapping of the anterior de- 
scending. The septal artery is almost 
parallel to the anterior descending but 
diverges slightly to the right asit progresses 
downward. 

The diagonal branch approximately. bi- 
sects the angle between the anterior 
descending and circumflex arteries. It may 
arise trom the anterior descending artery, 
the circumflex artery, or may originate 
between the two. The exact site of origin 
is difficult to determine from this projection 
if it arises from the proximal 2 cm. of the 
anterior descending artery. [t sometimes 
arises more distally along the anterior 
descending arterv. If large, it usually bi- 
furcates one or more times and approaches 
the apex. It rarely gives collateral channels 
to the left marginal branch of the circum- 
Hex artery. 


There are several anterolateral branches 
arising from the anterior descending ar- 


terv along its course. They pass downward, 
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or downward and to the left. The number, 
size, and location of these branches vary 
greatly. There is normally either a series of 
several anterolateral branches of the an- 
terior descending artery along its course, a 
verv large single diagoral branch, or a left 
marginal artery in an unusually anterior 
position. The anterolateral branches from 
the midportion of the anterior descending 
artery usually do not ovei rlap their parent 
artery much in this projection. Their ori- 
gins generally are well demonstrated, which 


is Important din most constrictions of 


these branches are in the first 1-2 mm. 


ANTERIOR DESCENDING ARTERY- RIGHT ANTERIOR 
OBLIQUE PROJECTION (Fig. 7, Æ and B; 
and 10, ,7 and 5) 

The proximal third of the anterior de- 
scencing artery is seen well onlv in this 
projection. What appears to be a length of 
several millimeters in the left anterior 
oblique projection is seen as several centi- 
meters in the right anterior oblique pro- 
jection. Constrictions of the anterior de- 
scencing artery are often located proximal 
to the septal artery or immediately distal 
to 1t, and therefore show well only in this 
projection. 

The proximal third of the anterior 
descending artery is near the left cardiac 
border and it usuallv curves away from it a 
little as it progresses downward. It often 
crosses the left marginal artery, as shown 
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7. Gf and. B) The left coronary artery of the same patient as in Figure 6, 4 and B 
seen in the right anterior obli 


que projection, 


in Figure 7, Z and B. It can often be seen 
going to and around the apex. 

One large and sometimes several medium 
sized septal arteries are usually seen in this 
projection. These arteries arise from the 
anterior descending artery at approximatey 
right angles. 

Most of the diagonal and anterolateral 


branches from the anterior descending 
artery overlap the proximal half of their 


parent artery in most, but rarely all, of the 
cardiac cycle. The origins of these branches 
are likely to overlap it throughout the 
entire cycle. Anterolateral branches from 
the midportion of the anterior descending 
arterv are often closer to the cardiac border 
than the parent artery in this projection, 
but can be farther from it. 

The right anterior oblique projection, 
theretore, is much better for demonstration 
of the proximal half of the anterior de- 
scending artery itself but usually is not as 
helptul as the left anterior oblique projec- 
tion for the diagonal and anterolateral 
branches. 


CIRCUMFLEX ARTERY --LEFT ANTERIOR OBLIQUE 
PROJECTION (lig. 6, 2 and B; 
and 9, Æ and Hj 

The proximal circumflex artery is seen 
only in the left anterior oblique projection 
and a good view of the first 1 to 3 mm. is 
often obtained onlv in à verv narrow range 
of the degree of obliquity. Unfortunately, 
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this is frequently a site of constrictive 
lesions. 

The circumflex artery runs in or near the 
atrioventricular groove. It usually extends 
to the posterolateral region of the heart be- 
tween the obtuse margin and the crux. It 
may terminate before reaching the obtuse 
margin. In a minority of cases, it goes to or 
beyond the crux and gives a posterior de- 
scending artery in addition to or instead of 
that arising from the right coronary artery 
(Fig. 9, £ and B). It gives a collateral chan- 
nel to the distal right coronary artery. 

The origin of the posterior descending 
arteries from the right coronary artery has 
been commonly referred to as "right 
coronary preponderance" and a posterior 
descending artery coming from both the 
right coronary artery and the circumflex 
artery is called “balanced circulation." The 
contribution by the circumflex artery of 
most or all of the posterior descending 
arteries is called “left coronary preponder- 
ance." These terms are well established but 
must be used with the understanding that 
even in "right coronary preponderance," 
the vast majority of the arterial supply to 
the left ventricle still comes from branches 
of the left coronary artery, and left coro- 
nary disease is more important clinically. 

Branches of the circumflex artery are 
quite variable. The artery to the sino- 
auricular node arises from the proximal few 
centimeters of the circumflex artery in 
about half of the cases. It passes upward 
and slightly to the right. Other atrial ar- 
teries, such as Kugel's artery, are occasion- 
ally seen passing to the left and somewhat 
upward. A left atrial circumflex artery 
occasionally arises near the origin of the 
circumflex artery and runs nearly parallel 
to it in or on the atrial side of the atrioven- 
tricular groove. It supplies the anterior 
aspect of the left atrium. 

As stated above, a large diagonal branch 
may arise at or near the origin of the cir- 
cumflex artery. It 1s likely to overlap the 
circumflex artery in all projections, and 
lesions at the origin of either are difficult to 
see. Fortunately, this is rather rare. 
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There is usually a small or moderate 
sized anterolateral branch from the first 2 
or 3 cm. near the circumflex artery. It 
passes to the left and downward at perhaps 
a 45 degree angle. 

A left marginal artery is nearly always 
present and is usually large. It sometimes is 
the terminal branch of the circumflex ar- 
tery, although more commonly the circum- 
flex artery continues for several centimeters 
beyond it as a small vessel. The left margi- 
nal artery may arise near the origin of the 
circumflex artery and distinction between 
an anteriorly displaced left marginal artery 
and an unusually lateral diagonal branch is 
arbitrary. The left marginal artery may 
arise as far laterally as the obtuse margin. 

If the left marginal artery is large and is 
located far anteriorly, the diagonal branch 
is usually small and often arises some dis- 
tance from the origin of the anterior de- 
scending artery. However, such hearts 
should normally also have a large left pos- 
terolateral branch from the distal circum- 
flex artery or the distal right coronary 
artery. 

The proximal or midportion of the left 
marginal artery is likely to overlap the 
circumflex artery in the region of the obtuse 
margin during much of the cardiac cycle 
and may be difficult to distinguish from it. 
It 1s helpful to remember that the distal 
circumflex artery usually moves slightly 
outward during the beginning of systole 
and the marginal artery moves inward 
during this period. The location of the 
atrioventricular groove is given by the 
opacification of the coronary sinus which 
follows a good injection of the left coronary 
artery and this helps in the identification of 
the distal circumflex artery. 

The circumflex artery occasionally gives 
moderate sized or large branches anywhere 
between the obtuse margin and the crux. 
Those closer to the margin are called pos- 
terolateral branches and those near the 
crux are called posterior descending ar- 
teries. The dividing line between the two is 
somewhat arbitrary. 

Distal anterolateral branches from the 
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circumflex artery, the left marginal and 
posterolateral branches are all near the left 
cardiac border in. the left anterior oblique 
projection and can largely overlap e: ih 
other during much of the cvcle. Although 
thev mav appear to be quite close together, 
thev are actually separated rather widely in 
space. 

CIRCUMFLEX ARTERY RIGHT ANTERIOR OBLIQUE 
PROJECTION (Fig. 7, 4 and B; and 10, 4 and B) 
The proximal circumflex artery is seen on 

end in this projection. The portion ot the 
circumflex artery arounc the obtuse margin 
is well seen. The circumflex artery passes 
approximately 45 degrees downwar d and to 
the right. Whether it is in or on the ven- 
tricular side of the atricventricular groove 
can be easily determined when the coronary 
sinus opacification occurs. Hf the circumflex 
artery extends to the crux the distal portion 
is also seen on end. 

Atrial branches, 1f present, make approx- 
imatelv right angles with the circumflex 
arterv and pass upward and to the spine. 

Proximal anterolateral branches from the 
circumfex arterv overlap the diagonal 
branch and or the proximal anterior de- 
scending artery. The left marginal artery 
and posterolateral branches mav arise at a 
right angle from the circumflex artery, but 
they make an acute angle with the distal 
atrioventricular groove, 

The left marginal artery usually appears 
quite large in this projection. Its average 
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location is about halfway between the lett 
cardiac border and the diaphragm and it 
heads approximately toward the apex. Its 
position varies considerably, and the right 
anterior oblique projection shows whether 
it is more anterolateral or posteromedial 
than usual. 

Posterolateral branches are well seen in 
the right anterior oblique projection. They 
roughly parallel the left marginal artery 
proximally and tend to converge toward it 
distally. 

The proximal portion of any posterior 
descending artery arising from the circum- 
flex artery usually is seen well in this pro- 


jection if the patient moves his diaphragm 


downward sufficiently. It is more difhcult 
to see the distal portion. 
(ANTERIOR DESCENDING AND CIRCUMFLEX ARTERIES 
IN POSTEROAN TERIOR PROJECTION (Pig. 8, Zand B) 
The posteroanterior projection is not 
satisfactory and should never be used as a 
substitute for the left anterior oblique or 
the right anterior oblique projections. 
Karly in the series, the posteroanterior 
projection was omitted entirely. More 
recently, it h as been included in the routine 
coronary arteriographi ies because It Is some- 
times helpful for tracing the relationship 
between arterv branches as the patient is 
turned from the left anterior oblique to the 
right anterior oblique position. Occasion- 
ally, it is also helpful if a lesion is suspected 
but not confirmed in the other views. 
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Fic. g. (4 and B) The left coronary artery of a patient with left coronary 
preponderance in the left anterior oblique projection. 


Although most of the left coronary 
branches do not overlie the spine in the 
posteroanterior projection, radiation scat- 
ter from it 1s usuallv a problem and inter- 
feres with sharpness, The great variation in 
radiodensitv in various portions of the field 
is also a problem. 

The circumflex and anterior descending 


arteries, and their large branches usually 
more or less overlie one another in the pos- 


= 


teroanterior projection. [Identihcation. of 
individual branches was usually possible, 
though tedious, by repeated comparison 
with other views. The proximal circumflex 
arterv may often be identified by the fact 
that it moves considerably more than the 
anterior descending arterv during svstole. 


DISCUSSION 


The sive and location of various branches 
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Fic. 10, (A and B) The left coronary artery of the same patient as in Figure 
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of the coronary arterial system vary tre- 
mendously. A recent attempt to set up 
mathematical criteria for normal limits 
which could be coded on punch cards in a 
manner acceptable to statisticians was 
notably unsuccessful. 

Occasionally, a branch becomes occluded 
at its origin without leaving a tell-tale 
stump and it is difficult to decide whether a 
branch was present and occluded by dis- 
ease, or was never present. The solution of 
the problem appears to be largely a matter 
of judgment. It is helpful to remember that 
the sole function of the coronary arterial 
system is to transplant fluid, and cine arte- 
riography shows the size of these conduits 
and the velocity of movement through 
them. If a large portion of the left ventricle 
is found to have no blood supply trom any 
source in a technically good coronary arte- 
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riogram, then 1t 1s reasonable to conclude 
that a branch is missing. 

For instance, if a large circumflex artery 
appears to terminate in a small antero- 
lateral branch at the obtuse margin, the 
only diagonal branch is of moderate size 
and arises from the anterior descending 
artery not more than 2 cm. to the left of the 
crux, then we can presume that there was 
originally a large left marginal branch 
which was not present at the time of the 
arteriogram. 

Old myocardial infarcts require little 
arterial supply. Infarcts must not be con- 
fused with large areas of viable but ischemic 
myocardium. Fortunately, infarcts large 
enough to significantly affect the amount of 
myocardium remaining in a region of the 
left ventricle seem to be easily detectable 
on the electrocardiogram, and allowance 
can be made in estimating the amount of 
myocardium depending on the available 
arterial supply. Lack of movement or para- 
doxical motion of a portion of the cardiac 
border is often seen in appropriate projec- 
tions when large infarcts are present. Clues 
can also be obtained by careful study of the 
pattern of movement of arteries in various 
portions of the heart during the cardiac 
cycle. 

SUMMARY 


Detailed information on the roentgeno- 
graphic anatomy of the human coronary 
arterial system was worked out through 
study of anatomic literature, 3 dimensional 
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vinylite corrosion casts of human coronary 
arteries, and cine arteriograms taken with 
selective injection of the right and left 
coronary arteries by the Sones technique. 

The left anterior oblique projection was 
found best for the right coronary artery and 
its branches, the left main, distal anterior 
descending artery, the anterior descending 
branches, the proximal circumflex artery, 
and some of the proximal circumflex 
branches. 

The right anterior oblique projection is 
also necessary because it is the only view 
that shows the proximal anterior descend- 
ing and septal arteries well. It is often help- 
ful for the midportion of the circumflex 
artery and its branches. 

The posteroanterior projection is less 
satisfactory and cannot be considered an 
adequate substitute for either oblique pro- 
jection. It is sometimes helpful as a supple- 
ment and has been recently included in 
routine coronary arteriography. 
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CORONARY ARTERY CALCIFICATION* 


ITS INCIDENCE AND SIGNIFICANCE IN PATIENTS 
OVER FORTY YEARS OF AGE © 


By JOHN P. TAMPAS, M.D., t and A. B. SOULE, M.D. 


BURLINGTON, VERMONT 


ALCIFICATION of the coronary ar- 

teries is a common autopsy finding and 
is generally present in 80 to go per cent of 
postmortem studies performed in people 
over 40 years of age. Despite this common 
pathologic finding, roentgenographic iden- 
tification of calcified coronary arteries in 
living patients has been a relatively rare 
event. The first reported case was in 1927 
by Lenk,® who noted calcification of the left 
. coronary artery on a posteroanterior roent- 
genogram of the chest in a 61 year old male 
with a left ventricular aneurysm. Other sub- 
sequent reports reflected the futility of 
identifying calcium in the coronary arteries 
with roentgenographic techniques. Sos- 
man,? for example, in 1943 reported a total 
of 42 cases seen on fluoroscopy over a 1o 
year period. And in 1gs0, Habbe and 
Wright,‘ examining known cardiac patients 
over 40 years of age for a period of 23 years 
with multiple high speed spot roentgeno- 
grams plus kymography, could identify 
calcified coronary arteries in 28 patients, 
representing an incidence of only 3 per cent 
of the cases studied. Thus, the evaluation of 
coronary artery disease still rested pri- 
marily on indirect evidence as manifested 
by clinical signs and electrocardiographic 
changes. 

Yet, in 1959 a roentgenographic study of 
autopsied hearts by Blankenhorn and 
Stern? revealed an 80 per cent incidence of 
calcification of the coronary arteries and 
over one-half of the densities measured 
greater than 3 mm. The roentgenographic 
detection of coronary artery calcification 
took on an even greater significance when 
Beadenkopf e al., in 1964, reported their 


findings in a study of go4 consecutive autop- 
sies. Their results indicated that as the 
number of coronary arteries with calcifica- 
tion increased, coronary artery wall thick- 
ness increased. Further, subjects without 
myocardial infarction showed a tendency 
for fewer arteries to be calcified, whereas 
those with myocardial infarction showed a 
tendency for more arteries to be calcified. 
If one assumes that calcification preceded 
the clinical appearance of coronary artery 
disease, then roentgenographic identifica- 
tion of calcium in coronary arteries might 
serve as a good indicator of potential 
ischemic heart disease. 

Prior to the advent of image intensifica- 
tion, the lack of roentgenographic identifi- 
cation in living patients was attributed to 
overlying structures such as spine, ribs and 
calcified cartilage, to scattered radiation, 
and, most importantly, to the fact that one 
was trying to identify a small opaque par- 
ticle on a rapidly moving structure. With 
the advent of image intensification and 
cineroentgenography, however, several of 
these limitations became negligible. Le- 
sions as small as 2 mm. could now be re- 
solved and rapidly moving densities were 
captured on cine-film which later might be 
reviewed for the presence of small densities. 
Further, all this was accomplished with 
reasonable radiation exposure. 

Several investigators quickly appreciated 
the value of cineroentgenographic studies 
of intracardiac calcification. For example, 
in 1960, Jorgens, Blank and Wilcox? and in 
1961 Edling? reported on its use in detecting 
the presence of intracardiac calcifications. 
Likewise, in 1961, Lieber and Jorgens’ re- 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 28-October 1, 
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From the Department of Radiology, University of Vermont College of Medicine, Burlington, Vermont. 
t Scholar in Radiological Research of the James Picker Foundation. 


369 





HIG. T, 


Posteroanterior roentgenogram demonstrat- 
ing tae location of the right coronary artery and 
the left coronary arterv and its branches, 


portec a correlative study of coronary ar- 
tery calcification and clinical disease. In 
both a control and cardiac group, thev cited 
a 25 per cent incidence 


40 years. 

When cineroentgenography was intro- 
duced at the University of ete College 
of Medicine in 1961, it soon became appar- 
ent that a significant new dimension had 
become available as calcified coronary 
arteries were now more readily appreciated 
than they had previously been on conven- 
tional Huoroscopy. As this finding was 
recognized with increasing frequency, sev- 
eral cuestions arose. The first obvious 
question was, “How often can calcified 
coronaries be identified utilizing this new 
unit?" In order to answer this and other 
subsequent questions, the present study 
was carried out. 

METHOD AND MATERIAL 

From Januray 1, 1963 through July 1, 
1964, all patients over the age of 40 vears, 
male and female, inpatient and outpatient, 
who were studied on a g inch Philips Ring- 


John P. Tampas and A. B. Soule 


of calcification of 
coronary arteries in patients over the age of 


Texte, 1966 


stand with remote television monitoring 
also had a cineroentgenographic survey of 
the heart. The patients included in the 
studv were undergoing a varietv of exami- 
nations, including barium swallow and 
upper gastrointestinal examinations, chest 
studies and heart fluoroscopy. 


The 7: mm. overframing lens, resulting 
approximately in a 5 inch field rather than 


the 35.5 mm. conventional lens on a 16 mm. 
Brune Camera, was routinely emploved 
as It was determined that the slight loss in 
image sharpness was more than compen- 
sated by the magnification effect produced 
bv overframing. Since resolution on the 
cine-recording was greater than the resolu- 
tion on the remote television monitor, final 
evaluation was deferred until the cine. 
roentgenograms were reviewed. In several 
instances, the presence of coronary calcifi- 
cation was not noted on the remote tele- 
vision monitor but was later seen on the 
cine-recording. Factors utilized averaged 
about 75 kv. at 14 ma. Du Pont Cine Ray 
Film was used and developed in a Fisher 
Processall at a rate of 26 inches’min. in 
Kodak X-ray Developer. The patients 
were examined upright in the posteroante- 
rior, right anterior oblique and left anterior 
oblique positions, The lateral view was not 
used in this studv as 1t was felt that these 3 
positions would vield all the information 
necessarv to determine the presence of 
coronary arterv calcification. 

In the posteroanterior roentgenogram, 
(Fig. 1) the right coronarv 1s somewhat 
difficult to visualize as it parallels the right 
heart border and tends to lie over the spine. 
The left is more easily seen, being located 
in the upper left border w lieve it branches 
into the anterior descending and circumflex 
branches. 

In the right anterior ob lique dcc 
gram (Fig. 2), the left coronary is located i 
the upper left border of the heart where it 
divides into the circumflex artery poste- 
riorlv and its anterior descending branch 
which continues along the upper left heart 
border laterally. In this view the right 
coronary lies further posteriorly and some- 


XOT dfe NO2 
what lower and ends interiorly in a rather 
tvpical sling-like fashion along the interior 
heart border. 

The left anterior oblique roentgenogram 
(Fig. 3) was found to be the most informa- 
tive and reliable. In this view the left coro- 
nary artery is seen in the upper lett heart 
border where it branches laterally as the 
circumflex artery and anteriorly to form 
the anterior descending artery. The right 
coronary artery parallels the right border, 
thus presenting both arteries in opposite 
profile. Recordings were made in all three 
positions, utilizing cine-runs that lasted 
about 20 seconds. 


RESULTS AND DISCUSSION 


Utilizing this technique, 1,097 satistac- 
tory cineroentgenographic examinations of 
the heart were performed. The group con- 
sisted of £22 males and «75 females. The 
presence of coronary artery calcification 
was then tabulated into one of three cate- 
vories; right, left, and bilateral (Table 1). 


Calcification of the right coronary artery 





Fic. 2. Right anterior oblique roentgenogram demon- 
strating the location of the right coronary artery 
and the left coronary artery and its branches. 


Coronary Artery Calcification Rs 





lic. 3. Left anterior oblique roentgenogram demon- 
strating the location of the right coronary artery 
and the left coronary artery and its branches. 


only was a rare finding, occurring in only 3 
per cent of the males and in only 1 per cent 
of the females, or 2 per cent in the entire 
group. Calcification of the left coronary 


artery only, on the other hand, was rela- 
tively common, being observed in 12 per 


cent of the males and 7 per cent of the fe- 
males with an over-all incidence of g per 
cent. Bilateral coronary artery calcification 
was observed in 4 per cent of both males 
and temales. The total figures indicated 
that calcification occurred in 168 patients 
resulting in an over-all incidence of 15 per 
cent. 

This figure falls considerably short of the 
8o per cent incidence discovered in autopsy 
specimens. The discrepancy is probably due 
to intrinsic limitations of the examinations, 
Many calcifications are undoubtedly too 
small to be seen with the degree of resolu- 
tion now available. In addition, calcifica- 
tions in the heart inside the thorax are likely 
to be obscured bv a thick chest wall, obesity 


or cardiomegaly. Thin emphysematous 
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TABLE I 
INCIDENCE OF CORONARY ARTERY CALCIFICATION IN PATIENTS OVER THE AGE OF 40 YEARS 
Right Left Bilateral Total 
No. | Per Cent No. Per Cent No. Per Cent No. Per Cent 

Males 

522 I5 3 63 12 20 4 98 I9 
Females 

575 6 I 40 5 2i 4 67 12 
Total 

I,097 21 2 103 9 4I 4 165 is 


patients proved to be easy patients to 
studv, whereas thick obese patients with a 
large heart proved to be more difficult prob- 
lems. Finally, overlying disease in the 
chest or pleura may also obscure coronary 
calcification. All these factors would tend to 
lower the incidence of recognition of calci- 
fied coronary arteries. 

It should also be noted that our incidence 
of 15 per cent falls considerably below that 
of 25 per cent noted by Lieber and Jorgens. 
Two additional factors may help explain 
this. First, their groups were composed 
almost exclusively of males in a Veterans 
Administration hospital, whereas our ma- 
terial is from a general hospital population 
of males and females. Breaking our total 
figure of 165 cases down according to sex 
distribution resulted in the following: of 
522 males in the study, 98 had identifiable 
coronary calcification, an incidence of Ig 
per cent, a figure more closely approaching 
those of other investigators. On the other 
hand, only 67 of 575 females, or 12 per cent, 
had visible calcified coronary arteries. Thus 
coronary artery calcifications are more com- 
mon in males by a ratio slightly greater 
than 3:2, the discrepancy appearing to be 
related primarily to a higher incidence of 
calcification of the left coronary artery in 
males. 

A second factor which may explain the 
discrepancy between our findings and those 
of other investigators in a study of this type 
is that of the limitations of the examiner. 
Lack of appreciation of the location or na- 
ture of coronary artery calcification may 


cause one to overlook a small fleck of cal- 
cification recorded on the film. This has 
frequently been observed while reviewing 
chest cine studies with the resident staff. It 
was also noted that the ease of recognition 
of coronary calcifications improved as the 
study progressed, suggesting that there is 
improved recognition as one becomes more 
familiar with the problem. Further, one 
may omit a cine run in one of the positions 
outlined or poorly position the patient 
while searching for coronary artery calcifi- 
cation and perhaps miss a small fleck of 
calcification which might have otherwise 
been identified. Finally, it 1s quite possible 
that the arbitrary decision to eliminate the 
lateral position in the protocol may have 
resulted in failure to identify additional 
cases with calcifications which might have 
been observed only in this position. Recog- 
nizing these limitations and realizing that 
they could only result in a lowering of the 
incidence of calcified coronary arteries, it 
was felt that the answer to the first ques- 
tion was as follows: utilizing this technique 
one could identify calcification in at least 
I5 per cent of patients over 40 years of age, 
and that it was more commonly seen in 
males in a ratio slightly greater than 3:2. 

The relationship of the presence of calci- 
fication to age was next determined (Table 
II). Ás expected, there was a progressive in- 
crease in the incidence of calcified coronary 
arteries in each decade ranging from a low 
of about 4 per cent in the 40-49 year age 
group to a high of 29 per cent in the 80-89 
year age group. The highest incidence, 35 
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Tase II 
AGE DISTRIBUTION OF CORONARY ARTERY CALCIFICATION 
Males Females Total 

Age 

No. Per Cent No. Per Cent No Per Cent 
(yr.) 
40749 5 4 5 3 Io 4 
50-59 26 17 r2 7 38 12 
60-69 4t 26 22 16 7 21 
70-79 29 35 15 18 44 26 
80-89 3 21 12 32 15 29 
90-99 o o I 33 I 33 


per cent, occurred in the 70—79 year old 
male group. The patients in the 90-99 year 
age group were too few to be considered as 
significant. 

The next question that arose was what 
significance could one attach to the pres- 
ence of calcification with respect to coro- 
nary artery disease. To answer this, the 
clinical charts of patients in this study were 
reviewed for the presence of the following 
information: history of angina, or electro- 
cardiographic evidence of ischemia, or old 
or recent myocardial infarction. Utilizing 
these clinical criteria, 397 or 36 per cent of 
this group were determined to have some 
form of coronary artery disease. Of these, 


TABLE III 


INCIDENCE OF CALCIFIED CORONARY ARTERIES IN 
397 PATIENTS WITH CLINICAL EVIDENCE OF 
CORONARY ARTERY DISEASE 





85 or 21 per cent had calcification of the 


coronary arteries and 312 or 79 per cent 
had no evidence of coronary artery calcifi- 
cation (Table rr). Thus it appeared that 
coronary artery disease frequently was 
present in the absence of calcified coronary 
arteries. The absence of coronary calcifica- 
tion, therefore, is not a reliable method of 
excluding coronary artery disease. In this 
respect, it cannot replace information ob- 
tained from clinical evaluation and electro- 
cardiographic examination of patients with 
suspected heart disease. 

More interesting, however, was the 
evaluation next carried out on the calcified 
and noncalcified group (Table 1v). Of the 
calcified group of 165, a total of 85 or 52 
per cent had clinical coronary artery dis- 
ease. On the other hand, 312 of 932, or only 
33 per cent of the noncalcified group had 
clinical evidence of coronary artery disease. 


No. | PerCent This finding indicated that there definitely 

Bcc MP Eq DEDE M was a higher incidence of clinically identi- 

e ec e 95 T fied coronary artery disease among those 

ue eck 13 with calcified coronary arteries than in 
TABLE IV 


INCIDENCE OF CORONARY ARTERY DISEASE IN PATIENTS WITH AND WITHOUT 
CORONARY ARTERY CALCIFICATION 


Calcified No. with 
Sex Coronary Coronary Per Cent 
Arteries Artery Disease 
Males 98 53 54 
Females 67 32 48 
Total 165 85 52 


Noncalcified No. with 
Coronary Coronary Per Cent 
Arteries Artery Disease 
424 140 33 
508 172 34 
932 312 33 
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TABLE V 
AGE DISTRIBUTION OF CORONARY ARTERY DISEASE IN PATIENTS WITH AND WITHOUT 
CORONARY ARTERY CALCIFICATION 
Males Females Total 
Age Calcified Noncalcified Calcified Noncalcified Calcified Noncalcified 
(yr.) I o U MÀ o ——À 
Per Per Per Per Per T Per 
Do; Cent nO Cent No. Cent No. Cent Cent No. Cent 
40-49 3 60 16 I2 2 40 24 17 5 50 40 I5 
50-59 14 54 34 27 6 5o 42 27 20 53 76 227 
60—69 18 SI £3 52 8 36 47 41 26 46 100 46 
70-79 16 56 32 58 8 — $3 49 59 24 — $5 72 $9 
80-89 4 67 5 45 8 67 17 68 IO 67 22 61 
90-99 o O o o —_—  — 2  IOO — — 2  IOO 


those without calcified coronary arteries. 
These findings were equally distributed be- 
tween males and females. 

Also of interest was the incidence of 
clinically identified coronary artery disease 
in the calcified and noncalcified groups 
when broken down according to decades 
(Table v). In the 40—49 and 50-59 year old 
groups, there was a far greater incidence of 
coronary artery disease in the calcified 
group. For example: 60 per cent of males 
in their forties with calcified coronary 
arteries had identified coronary artery dis- 
ease, whereas only 12 per cent of a similar 
group without calcification had evidence 


Tase VI 


DISTRIBUTION OF CORONARY ARTERY DISEASE IN 
PATIENTS OVER 60 AND UNDER 60 YEARS OF 
AGE WITH AND WITHOUT CALCIFIED 
CORONARY ARTERIES 


With Without 
Calcification Calcification 
No. Per Cent No. Per Cent 
Under 60 
Male 17 £5 50 19 
Female 8 47 66 22 
Total 25 52 116 21 
Over 60 
Male 36 54. go 54 
Female 24 48 106 23 
Total 60 EI I96 £2 


of coronary artery disease; $4 per cent of 
males in their fifties with calcified coronary 
arteries had evidence of coronary artery 
disease, whereas only 27 per cent of a simi- 
lar group without calcified coronary arteries 
had coronary artery disease. Similar find- 
ings were also noted in females where 40 
per cent of those in their forties and 5o per 
cent of those in their fifties with coronary 
calcification had coronary artery disease, 
whereas only 17 per cent of those in their 
forties and 27 per cent of those in their 
fifties without calcification had coronary 
artery disease. 

Once over 60 years of age, the incidence 
of heart disease in the calcified and non- 
calcified group was more nearly equal. By 
tabulating the cases of heart disease in 
patients under and over 60 years old 
(Table vr), it was noted that the total in- 
cidence of coronary artery disease in patients 
under 60 years with coronary calcification 
was strikingly higher than in the non- 
calcified group. For example, the over-all 
incidence of coronary artery disease in 
patients under 60 years old with coronary 
artery calcification was 52 per cent, 
whereas it was found in only 21 per cent of 
those without calcification. This difference 
was apparent in both males and females. 
Once over 60 years of age, the relationship 
was no longer apparent and coronary artery 
disease appeared to be more equally dis- 
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Taste VII 
RELATIONSHI? OF CORONARY ARTERY DISEASE TO LOCATION AND 
NUMBER OF CORONARY ARTERY CALCIFICATION 

None Calcified Right Only Left Only Right and Left 

No. Per Cent No.  PerCent No. Per Cent No. Per Cent 
Male 140 33 7 47 32 51 14 70 
Female 172 34 3 50 16 40 13 62 
Total 312 25 IO 48 48 47 27 66 


tributed between patients with and without 
calcification. 

A final study was carried out in an at- 
tempt to relate coronary artery disease to 
the location and extent of coronary artery 
calcification (Table vir). As expected, there 
appeared to be a direct relationship be- 
tween the number of arteries calcified and 
the presence of clinically apparent disease. 
In those patients with no calcification, the 
incidence was 33 per cent. In those with 
either the left or right coronary artery 
calcified, the incidence increased to about 
48 per cent. In those with bilateral calcifi- 
cation, the incidence climbed to 66 per cent. 
With slight variations, this rising incidence 
held for both the male and female popula- 
tions. It is reasonable to assume that if the 
distribution of calcification in the left coro- 
nary artery had been broken down into 
those of the left circumflex and anterior 
descending artery, an even stronger rela- 
tionship would have been discovered be- 
tween coronary artery disease and calcifi- 
cation of all three vessels. 

The results of this study indicate that a 
distinct relationship exists between coro- 
nary artery calcification and coronary 
artery disease. It must be emphasized that 
the level of information obtained with this 
technique cannot approach the nature of 
information obtained from coronary angi- 
ography where precise evaluation of coro- 
nary flow and obstruction can be deter- 
mined. However, coronary angiographic 
studies require complex equipment, are 
time consuming and are not without haz- 
ard. This technique on the other hand is 


simple, rapid and innocuous. Its greatest 
value may be in the asymptomatic patient 
with a normal electrocardiogram, for in 
these patients the presence of coronary 
artery calcification may prove to be a good 
indicator of potential ischemic heart dis- 
ease. Since cineroentgenographic detection 
of calcification in the coronary arteries may 
be considered as an alarm signal for high 
risk coronary artery disease in an asympto- 
matic patient, it is recommended that a 
search for coronary artery calcification with 
image intensification be carried out as a 
routine screening procedure on all fluoro- 
scopic examinations. 


SUMMARY AND CONCLUSIONS 


I. The incidence and significance of 
coronary artery calcification were deter- 
mined on the basis of television monitored 
cineroentgenographic studies of hearts of 
1,097 patients over the age of 40 years. 

2. As the study progressed, it became 
increasingly apparent that the identifica- 
tion of coronary artery calcification is re- 
lated not only to intrinsic factors such as 
the quality of the television picture and the 
cine-reproduction, but also to the skill and 
experience of the observer. 

3. The over-all incidence of coronary 
artery calcification in patients over 40 
years of age is 15 per cent. It is more com- 
mon in males by a ratio slightly greater 
than 3:2. 

4. Ihe incidence of calcification of the 
coronary arteries increases with increasing 
age. 

5. Coronary artery disease is frequently 
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present in the absence of identifiable coro- 
nary artery calcification. Thus, absence of 
recognizable coronary artery calcification 
is unreliable in excluding the presence of 
coronary artery disease. However, the in- 
cidence of coronary artery disease in pa- 
tients with coronary artery calcification is 
greater than 1n those without calcification. 
Further, when broken down by decades 
there 1s a strikingly high incidence of coro- 
nary artery disease in young patients with 
coronary artery calcification. In patients 
under the age of 60 years, the incidence of 
coronary artery disease in those with cal- 
cified coronary arteries is 52 per cent, 
whereas in those without calcification it is 
only 21 per cent. In patients over the age of 
60 years, the incidence of coronary artery 
disease in the calcified and noncalcified 
group is nearly equal. 

6. A relationship exists between the inci- 
dence of coronary artery disease and the 
number of coronary arteries calcified. In 
patients with noncalcified coronary arteries, 
the incidence of coronary artery disease is 
33 per cent, with one artery calcified 48 per 
cent, and with both arteries calcified 66 per 
cent. 

7. Cineroentgenographic detection of 
calcification of the coronary artery may be 
considered as an alarm signal of potential 
ischemic heart disease in asymptomatic 
patients with a normal electrocardiogram. 
It is, therefore, recommended that a search 
for coronary artery calcification with image 


intensification be carried out as a routine 
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screening procedure in all fluoroscopic 
examinations. 


John P. Tampas, M.D. 

Department of Radiology 

University of Vermont College of Medicine 
Burlington, Vermont 
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RIGHT AORTIC ARCH: PLAIN FILM DIAGNOSIS 
AND SIGNIFICANCE* 


By JAMES R. STEWART, M.D., OWINGS W. KINCAID, M.D., 
and JACK L. TITUS, M.D. 


ROCHESTER, MINNESOTA 


p THIS paper we discuss the anatomic 
types of right aortic arch in terms of 
their relative incidences, their significance, 
and how each can be recognized by simple 
roentgenographic methods. Our discussion 
is based on data obtained from reviewing 
clinical histories, roentgenograms, surgical 
reports, and autopsy specimens in 298 
cases of right aortic arch with levocardia, 
representing 1O years' experience (1954 to 
1964) at the Mayo Clinic. 

If the anatomic type of right aortic arch 
could be established clearly from the au- 
topsy specimen, the angiocardiogram, or the 
surgical report, the case was designated as 
proved. Roentgenograms of the thorax and 
esophagus were reviewed in the proved 
cases and, from this review, it became ap- 
parent that the anatomic type of right 
aortic arch could be diagnosed from these 
roentgenograms with a high degree of 
accuracy. In those cases in which neither 
autopsy, angiocardiography, nor operation 
was done but in which the thoracic and 
esophageal roentgenograms demonstrated 
the type of right aortic arch, the designa- 
tion “qualified proved” was assigned. 

After separation of the proved and 
qualified proved cases, a group of undesig- 
nated cases remained in which the ana- 
tomic type could be inferred with moder- 
ately good accuracy because study of the 
proved cases demonstrated (and the litera- 
ture also indicated) that there is a high de- 
gree of correlation between the anatomic 
type of right aortic arch and the presence 
or absence of certain types of congenital 
heart disease. Therefore, a group designated 
as "presumed" could be established on the 
basis of the cardiac findings. Thirteen 


cases of right aortic arch could not be 
classified as to type. 


CLASSIFICATION 


In a recently published monograph,’ a 
classification of malformations of the aortic 
arch was proposed. The embryologic error 
responsible for each of a wide variety of 
aortic arch anomalies was determined, and 
then these errors were reducéd into in- 
dividual component parts and systemati- 
cally recombined in all plausible combina- 
tions. Most of the anomalies in the classifi- 
cation thus formulated have been described 
in the literature, but some are, as yet, 
hypothetical. The right aortic arch segment 
of that classification was followed in this 
study. 

There are 3 major types of right aortic 
arch: (1) with mirror-image branching of 
the major arteries (that is, the mirror image 
of the branching present in a normal left 
aortic arch) (Fig. 1, 4, B and C), (2) with 
aberrant left subclavian artery (Fig. 2, 4, 
B and C), and (3) with left subclavian 
artery no longer.connected (Fig. 3, 4, B 
and C). Each of these three major types of 
right aortic arch, theoretically may have 
either a left ductus arteriosus,* a right 
ductus arteriosus, or bilateral ducti arteri- 
osi. 


ANATOMIC AND ROENTGENOGRAPHIC 
FEATURES 
RIGHT AORTIC ARCH WITH MIRROR-IMAGE BRANCHING 


In specimens of right aortic arch with 
mirror-image branching, the aorta passes 


* The term “ductus arteriosus" is used throughout this paper 
to denote either a patent ductus arteriosus or its remnant, a 
ligamentum arteriosum, 


* Presented at the Sixty-sixth Annual Meeting of the American Roentgen Ray Society, Testi eot, D. C., September 28-October 1, 


1965. 


From the Mayo Clinic and Mayo Foundation: Section of Roentgenology (Drs. Stewart sea Kincaid) and of Experimental ‘and 


Anatomic Pathology (Dr. Titus). 
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Fro. 1. Right aortic arch with mirror-image branching, as viewed from the front. The anomaly with (4) left 
ductus arteriosus, (B) with right ductus arteriosus, and (C) with both ducti present. Key to abbreviations 
for all figures: A.A., ascending aorta; A.L.S., aberrant left subclavian artery; D.A., descending aorta; E., 
esophagus; Jn.A., innominate artery; L.C.C., left common carotid; L.D., left ductus; L.P.A., left pul- 
monary artery; L.S., left subclavian artery; P.T., pulmonary trunk; R.C.C., right common carotid; R.D., 
right ductus; R.P.A., right pulmonary artery; R.S., right subclavian artery; TR, trachea; L.D.A.R., 
left dorsal aortic root; P.L.D., patent left ductus. (Reproduced with permission.®) 


to the right of the trachea and descends 
toward the normal aortic hiatus entirely 
on the right side of the esophagus (Fig. 4, 
A and B). Arising from the aorta are the 
left innominate, right common carotid, 
and right subclavian arteries, in that order 
from front to back. Among the autopsy 


specimens in which ductal tissue could be 
identified adequately, most specimens of 
right aortic arch with mirror-image branch- 
ing had a left ductus, a few had a right 
ductus, and in 1 specimen both ducti were 
clearly present. 

The location of the ductus arteriosus in 





Fic. 2. Right aortic arch with aberrant left subclavian artery as viewed from the front. (4) With left ductus 
arteriosus (insets show view from left side with closed [/ower left] and patent [/ower right] ductus). (B) With 
a right ductus arteriosus. (C) With both ducti present. (Reproduced with permission.®) 
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Fic, 3. Right aortic arch with isolation of the left subclavian artery from the aorta as 


V 
C4) With left ductus arteriosus. (B) With right ductus arteriosus. (C) With both duc 


duced with permission.?) 


x 


this anomalv does not alter its fundamental 
configuration," significance, or roentgeno- 
graphic appearance and, for purposes of 


* Án exception is the extremely rare instance in which the left 
ductus connects to the upper descending aorta instead of to the 
left innominate artery, forming a vascular ring. An example of 


this variation was not encountered in this series. 
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simplification, these 3 variations in. the 
position of the ductus arteriosus will here- 
after be ignored and the composite term 
“right aortic arch. with mirror-image 
branching" will be used. 

A right aortic arch with 
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MITror-iMat 
branching can be recognized from th 
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ore 
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bic. 4. Heart and lungs of a 7 month old boy who had tetralogy of Fallot and right aortic arch with mirror- 
image branching. 7) Viewed from the front. (B) Viewed from behind. The esophagus has been ope 
el 


Since the aorta does not cross behind the esophagus, there is no compression of the esophagus from be 
In this specimen, there was a left ductus arteriosus. 
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Frc, £. These roentgenograms of a 20 year old woman with tetralogy of Fallot and an atrial septal defect are 
diagnostic of right aortic arch with mirror-image branching. 67) The aortic arch is distinctly on the right 
and compresses the right side of the trachea. The upper descending aorta js faintly discernible to the 
right of the spinal column. There is a conspicuous vacancy to the left of the trachea in the usual location of 
the aortic arch. (B) Lateral view of the esophagus, which is outlined by barium, demonstrating that there 
is no retroesophageal compression. 


thoracic roentgenogram and the lateral 
view of the barium-filled esophagus (Fig. 
5, ,7 and B). On the thoracic roentgeno- 
gram the right-sided arch indents the right 
side of the trachea or pushes the trachea 
shghtly to the left. The upper descending 
aorta can usuallv be seen through the 
mediastinal tissues to the right of the 
spinal column. There 1s no vascular com- 
ponent on the left side of the trachea. The 
cardiac silhouette is rarely normal since 
the great majoritv of these patients have 
congenital heart disease. The lateral view 
of the barium-filled esophagus 1s normal 
because this anomalv does not have a 
retroesophageal component. 


RIGHT AORTIC ARCH WITH ABERRANT 
LEFT SUBCLAVIAN ARTERY 
The major branches of the aorta are, 
from front to back, the left common carot- 
id, right common carotid, right subclavian, 
and aberrant left subclavian arteries. In 
contrast to right aortic arch with mirror- 


image branching, the configuration and 
significance of this anomaly is considerably 
altered by the location of the ductus 
arteriosus. If the ductus is on the left, the 
aberrant left subclavian artery is anchored 
down toward the left pulmonary artery; 
the trachea and esophagus are completely 
encased by the ascending aorta and pulmo- 
nary artery anteriorly, the right aortic 
arch on the right, the upper descending 
aorta posteriorly, and the aberrant left 
subclavian artery and left ductus arteriosus 
on the left (Fig. 6, .4-D). The proximal por- 
tion of the aberrant left subclavian arterv 
is bulbous because, embrvologically, it is 
formed from what would have been the 
posterior portion of the left aortic arch. The 
retroesophageal vascular component of this 
anomaly is quite large as it is formed by the 
confluence of the upper descending aorta, 
right arch, and bulbous proximal portion 
of the aberrant left subclavian artery. This 
anomaly resembles a double aortic arch. 
When a right aortic arch with aberrant 
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has 
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left subclavian 
arteriosus, artery 
is at an angle of approximately 70" from 
horizontal as it passes behind the esophagus 
to reach the left arm, a complete vascular 
ring is not present, and the trachea and 
esophagus are not significantly compressed. 
Although this anomaly | is the exact mirror 
image of the verv common left aortic arch 
with aberrant right subclavian artery and 
thus might be expected to be common, it 1s 
rare 

Ri ght aortic arch with aberrant left sub- 
clavian artery and bilateral ducti arteriosi 
is as vet hvpothetical since no such speci- 
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G. 6, Specimen of right aortic arch » 
subclavian artery and left ductus arteriosus in a 
vear old man who died of bronchial pneumoma fol. 
iowing an operation for carcinoma of the common 


bile duct. The origin of the right subclavi: in artery 
was shaved of at removal of the specimen. (sf) 
Viewed from the front. (B) Viewed from behind. (Cj 
Viewed from the left side. (D) Viewed from above. 


(Reproduced with permission.?) 
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men has been reported in man. 
a complete vascular ring having the 
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configuration as a right aortic arch with 
aberrant left subclavian artery and left 


ductus artertosus. 

Right aortic arch with EUN left sub- 
clavian artery nearly alwavs has a left 
ductus arteriosus, and this SN USU- 
ally produces rather AD 'entgeno- 
graphic findings (Fig. 7, Æ, B and C). Th 
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ascending aorta arc ie far to the. PM 
producing a vascular shadow projecting to 
the right of the mediastinum. After passing 
over the right main-stem bronchus adja- 

cent to the right side of the trachea, the 
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lic. 7. Roentgenograms of a man with right aortic arch 
with aberrant left subclavian artery and left ductus 
arteriosus. (4) Thoracic roentgenogram, The ascending 
aorta arches far to the right, the trachea is indented on 
the right side (does not show well in this study), and 
the descending aorta is in the midline at the level of the 


clavicles but curves back to the right before entering the 
aortic hiatus in the diaphragm, forming a tall, reversed 
"S," (B) Anteroposterior esophagram. The right side of 
the esophagus is clearly indented by the right aortic 
arch. (C) Lateral esophagram. The large retroesophageal 
vascular impression is produced by the confluence of the 
arch of the aorta, the upper descending aorta, and the 
bulbous origin of the aberrant left subclavian artery. 
Compare these features with the specimen shown in 
Figure 6 and the schematic drawing of this anomaly in 


l'igure 2. 


arch of the aorta joins the upper descending 
aorta where the latter gives origin to the 
aberrant left subclavian artery behind the 
esophagus. The origin cf the aberrant left 
subclavian artery is bulbous and often this 
diverticulum-like structure can be seen on 
the thoracic roentgenogram, projecting to 
the lett of the trachea at a slightly lower 
level than the arch of the right-sided aorta. 
The descending aorta then usually descends 
to the right of the spinal column before 
entering the normal aortic hiatus. As the 


aorta undergoes torsion in older patients, 
it often assumes the shape of a tall, thin, 
reversed "S" with the midportion of the 
descending aorta crossing to the right of 
the midline before it curves back to enter 
the normal aortic hiatus. 

In contrast to patients with right aortic 
arch with mirror-image branching, the 
cardiac silhouette in patients with right 
aortic arch with aberrant left subclavian 
artery and left ductus arteriosus 1s usually 
normal because this tvpe of anomaly is 
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seldom associated with congenital heart 
disease. 

This anomaly can also be recognized 
rather accurately from the esophagram. On 
an anteroposterior roentgenogram of the 
barium-filled esophagus, the right side 
of the esophagus is indented by the right 
aortic arch as in other types of right aortic 
arch. There is a conspicuous absence of the 
similar indentation on the left side of the 
esophagus that is usually seen in patients 
with double aortic arch. A lateral view of 
the barium-filled esophagus shows a large, 
concave impression produced by the retro- 
esophageal vascular component of this 
anomaly. In fact, the retroesophageal com- 
ponent of this type of right aortic arch is 
so large that both the esophagus and 
trachea often are displaced anteriorly at 
this level. These thoracic and esophageal 
findings are quite different from those seen 
in patients with right aortic arch with 
mirror-image branching. 

In infants, exact roentgenologic diagno- 
sis may be more difficult because the aorta 
is often badly obscured by a large thymus. 
If the aorta can be recognized as being right 
sided either on the thoracic roentgenogram 
or on fluoroscopy of the mediastinum and 
esophagus, a lateral study of the barium- 
fled esophagus will distinguish right 
aortic arch with mirror-image branching 
from right aortic arch with aberrant left 
subclavian artery and left ductus arterio- 
sus. If right aortic arch with mirror-image 
branching is present, there is no retro- 
esophageal impression. If a large retro- 
esophageal defect is present, it may be im- 
possible to differentiate between double 
aortic arch and right aortic arch with 
aberrant left subclavian artery and left 
ductus arteriosus, even with angiography.’ 

Right aortic arch with aberrant left sub- 
clavian artery and right ductus arteriosus 
is extremely rare. It can easily be recognized 
and distinguished from the other types of 
right aortic arch by its appearance on the 
esophageal studies (Fig. 8, 4—D). On the 
anteroposterior and lateral roentgenograms 
of the barium-filled esophagus, there is a 


Right Aortic Arch 


383 


shallow -retroesophageal vascular groove 
which angles upward from right to left at 
approximately 70? from the horizontal. 
This esophageal impression is the exact 
mirror image of an impression produced by 
the common aberrant right subclavian 
artery arising from the normal left aortic 
arch. The shallowness and the angle of the 
vascular groove distinguish this anomaly 
from right aortic arch with aberrant left 
subclavian artery and left ductus arterio- 
sus (Fig. 8C). 


RIGHT AORTIC ARCH WITH ISOLATION OF 
LEFT SUBCLAVIAN ARTERY 

The anomaly of right aortic arch with 
the left subclavian artery isolated from the 
aorta is rare. This anomaly is not a vascu- 
lar ring but seems to occur in association 
with congenital anomalies of the heart. 
Figure 9, 4 and B, shows the specimen from 
a case of right aortic arch with isolation of 
the left subclavian artery and left ductus 
arteriosus. 

The findings on roentgenograms of the 
thorax and barium-filled esophagus are 
probably  indistinguishable from those 
noted in patients with right aortic arch 
with mirror-image branching. Thus, there 
is a right-sided aortic arch without pos- 
terior indentation of the esophagus but 
with an abnormal cardiac silhouette. 

Since this anomaly is so rare, we usually 
ignore it as a possibility when interpreting 
the roentgenograms in patients with right 
aortic arch. Nevertheless, the radiologist 
and the cardiovascular surgeon should be 
aware of this anomaly. 


DISCUSSION 


Incidence. Of the 298 cases of right 
aortic arch, 285 could be classified into the 
anatomic types defined herein (Table 1). 
Ninety-eight per cent of the classified cases 
of right aortic arch had either mirror-image 
branching or aberrant left subclavian 
artery and left ductus arteriosus. 

Although apparently contrary to the 
data of Table 1, it is our belief that right 
aortic arch with aberrant left subclavian 
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bic. 8, Roentgenograms of a 2 vear old girl who had no clinical evi 


Me 
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dence of esophageal or tracheal compression 
but did have congenital heart disease. (4) Cardiac enlargement and right-sided aortic arch. (B) Compres- 
sion defect which angles upward from right to left across the column of barium at approximat 
horizontal (arrow) is produced by the aberrant left subclavian artery. (C) Late 
esophagus demonstrates a small retroesophageal defect (arroz 








ly 7o? from 
ral roentgenogram of the 
). (D) Angiocardiogram suggesting tetraloy 
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Fic. 9. Heart and lung of a 6 year old boy who had right aortic arch with isolation of left subclavian artery 
and patent left ductus arteriosus (patient died after operative repair of tetralogy of Fallot). (4) Viewed 
from the front. (2) Viewed from the left. The patent ductus arteriosus from which the left subclavian 
artery arises has a ligature around it. There is no innominate artery arising from the aorta since the left 


subclavian artery does not have a common origin with the left common carotid artery, (Reproduced with 

permission.*) 

artery and left ductus arteriosus is the weighted in favor of right aortic arch with 

most common type of right aortic arch. A mirror-image branching because (1) many 

series such as the one reported herein is patients were referred to this clinic. for 
Taare 1 
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TABLE II 
TYPE OF CARDIOVASCULAR ANOMALY FOUND IN ASSOCIATION WITH RIGHT AORTIC ARCH 






Type of Right 
Aortic Arch 


Mirror-image branch- 


Ing 
Left ductus 
Right ductus 
Bilateral ducti 


Aberrant left sub- 
clavian artery 
Left ductus 
Right ductus 


Isolated left sub- 
clavian artery 
Left ductus 


Indeterminate 


Total 


ASD atrial septal defect; VSDc ventricular 
* These nde one case each of: VSD, partia 
atresia, sub 


tal defect, 
anomalous pulmonary venous connection; VSD, corrected transposition; tricuspid 
ition; single ventricle, mitral atresia, pulmonary 


Trans- 
position 


ulmonary stenosis; single ventricle, pulmonary atresia, corrected 


Inde- 
terminate 


Defect 


Coarc- 
tation 





Other* | Total 








stenosis; VSD, pulmonary atresia, situs inversus of abdominal viscera; cor biloculare, mitral atresia, pulmonary stenosis, anomalous 
pulmonary venous connection, situs inversus of viscera; cor biloculare, subpulmonary stenosis; double outlet right ventricle, pulmonary 
stenosis, atrioventricular canal; double outlet right ventricle, VSD; double, outlet right ventricle, multiple other defects; agenesis of the 


left pulmonary artery, normal heart. 


correction of congenital heart disease and, 
as will be shown, right aortic arch with mir- 
ror-image branching occurs almost ex- 
clusively in patients with congenital heart 
disease, and (2) patients with right aortic 
arch and mirror-image branching and con- 
genital heart disease undergo frequent 
thoracic roentgenography and often angio- 
cardiography, operation, and, occasionally, 
autopsy—all of which provide many op- 
portunities for diagnosis of each case. On 
the other hand, most patients with right 
aortic arch with aberrant left subclavian 
artery and left ductus arteriosus do not 
have associated malformations of the heart 
and usually have had only 1 thoracic 
roentgenogram made; therefore, there is 
less chance for these cases to be diagnosed, 
recorded, and included in a study. It is our 
unsubstantiated impression that right 
aortic arch with aberrant left subclavian 
artery and left ductus arteriosus is prob- 


ably 2 or 3 times more common in the gen- 
eral population than is right aortic arch 
with mirror-image branching. 

Accuracy of Roentgenographic Diagnosis. 
Because 98 per cent of patients with right 
aortic arch have either mirror-image 
branching or aberrant left subclavian 
artery and left ductus arteriosus, and an 
additional small fraction have aberrant left 
subclavian artery and right ductus arterio- 
sus, all of which are readily distinguishable 
on the thoracic roentgenogram and lateral 
studies of the barium-filled esophagus, the 
roentgenographic diagnosis of the exact 
type of right aortic arch can be made from 
these roentgenograms with a considerable 
degree of accuracy. 

Association of Congenital Heart Disease 
with Right Aortic Arch. Among the patients 
with right aortic arch with mirror-image 
branching, 98 per cent had congenital 
heart disease and 2 per cent had normal 
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Taste III 
INCIDENCE AND TYPE OF RIGHT AORTIC ARCH IN TETRALOGY OF FALLOT, 
TRUNCUS ARTERIOSUS, AND TRANSPOSITION 
Tetralogy Truncus T a 
of Fallot Arteriosus FansposrHon 
Type of Right 
Aortic Arch Total No. of 
Cases Examined 555 25 80 

Mirror-image branching 

Left ductus 

Right ductus 142 (93%) 4 2 

Bilateral ducti 
Aberrant left subclavian artery 

Left ductus o (6%) o o 

Right ductus I (o. 59) o o 

Bilateral ducti o O o 
Isolated left subclavian artery 

Left ductus I (0.5%) I O 

Right ductus O © Oo 

Bilateral ducti o O o 
Indeterminate 4 O 
Total 153 (100%) 9 2 
Per cent of total cases with right arch 28 36 2.5 





hearts. Among those with right aortic arch 
with aberrant left subclavian artery and 
left ductus arteriosus, 12 per cent had con- 
genital heart disease and 88 per cent had 
normal hearts. In all, 195 of the 298 pa- 
tients with right aortic arch had congenital 
heart disease (Table 11). Of the remaining 
103, 100 had complete vascular rings 
formed by the combination of right aortic 
arch, aberrant left subclavian artery, and 
left ductus arteriosus. Thus, 99 per cent of 
our patients with right aortic arch had 
either congenital heart disease or an aortic 
vascular ring. As previously shown, right 
aortic arch with mirror-image branching 
can be distinguished roentgenographically 
from right aortic arch with aberrant left 
subclavian artery and left ductus arterio- 
sus. Accurate diagnosis of the type of 
aortic arch, therefore, will lead to accurate 
assessment of the presence or absence of 
congenital heart disease or a vascular ring. 
Eighty-seven per cent (147 of 169) of the 


patients with right aortic arch with mirror- 
image branching had tetralogy of Fallot. 

Association of Right Aortic Arch with 
Congenital Heart Disease. Table m1 sum- 
marizes the incidence of different types of 
right aortic arch associated with various 
forms of congenital heart disease. These 
groups of congenital heart disease represent 
cases which have been encountered at the 
Mayo Clinic during the last 10 years, and 
only cases which had been studied by an- 
giocardiography, operation, or autopsy 
were included. Of these, only tetralogy of 
Fallot, truncus arteriosus, and transposition 
of the great vessels warrant presentation 
since the incidence of right aortic arch in 
other specific types of congenital heart dis- 
ease was found to be almost nil. This study 
suggests that the incidence of coexistent 
right aortic arch is highest in truncus ar- 
teriosus. 

Significance of Right Aortic Arch with 
Aberrant Left Subclavian Artery and Left 
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Fic. 10, Roentgenogram of a patient with right 
aortic arch with aberrant left subclavian artery 
and left ductus arteriosus. Patient underwent 
expleratory thoracotomy with the presumptive 
diagnosis of substernal goiter. There were no 
symptoms of tracheal or esophageal compression. 


Ductus Arteriosus. Right aortic arch with 
aberrant left subclavian artery and left 
ductus arteriosus is a complete vascular 
ring. The critical period for patients with 
vascular rings is infancy and early child- 
hocd. Only 15 of our 113 patients with this 
anomaly were in the pediatric age group 
and of these, 3 had sufficient sy mptoms to 
warrant operative division of the ring. Be- 
cause this anomaly is common and can 
cause considerable constriction of the 
trachea and esophagus, it is one of the 
three most important vascular rings of in- 
fancy and early childhood, the other two 
being double aortic arch and “anomalous 
left pulmonary artery. 

Most patients with this anomaly survive 
infancy without operation and, in fact, the 
anomaly often does not cause S. mptoms. 
The 12 other children and 98 adults in this 
series had few or no sv mptoms of tracheal 
or esophageal compression at the time the 
anomalv was recognized. 


If right aortic arch with aberrant left 
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subclavian artery and left ductus arteriosus 
does not cause symptoms, it usuallv goes 
undetected until adult life when an abnor- 
mal mediastinal shadow is recognized on the 
thoracic roentgenogram. Not infrequently, 
and particularly in older individuals, as 
the aorta undergoes torsion and di Yitetioni, 
this anomaly resembles a mediastinal 
tumor. Several patients in this series were 
thought to have mediastinal masses, on the 
basis of the original thoracic roentgeno- 
grams. Usually, the correct diagnosis was 
established by fluoroscopy but one patient 
included in the series (and one other patient 
since this series has been completed) under- 
went exploratory thoracotomy with a pre- 
sumptive clinical diagnosis of substernal 
goiter (Fig. 10). Similar diagnostic prob- 
lems have been reported by others. 


CONCLUSIONS 


I. If a right aortic arch is present, there 
is 4 99 per cent chance that the patient has 
either congenital heart disease or a vascular 
ring which completely encircles the trachea 
and esophagus. 

Two main types of right aortic arch 
comprise A per cent of the cases of right 
aortic arch: (1) right aortic arch with 
branching of the major arteries, that is, a 
mirror image of the branching present in 
the normal left aortic arch; and (2) right 
aortic arch with an aberrant left sub. 
clavian artery and left ductus arteriosus. 
Of these 2, the latter is probably the most 
frequent type of right aortic arch in the 
general population. 

3. These 2 types of right aortic arch are 

easily recognizable and distinguishable on 
thoracic roen tgenograms and lateral roent- 
genograms of the barium-filled esophagus. 
These two procedures are now part of our 
routine examination in patients with sus- 
pected congenital heart disease. 

4. When a right aortic arch with mirror- 
image branching is present, there is a 98 
per cent chance that the patient has coexis- 
tent congenital heart disease and onlv a 2 
per cent chance that the heart is normal. 
Of those with coexistent congenital heart 
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disease, the heart anomaly is tetralogy of 
Fallot in approximately go per cent; the re- 
maining Io per cent are a variety of dif- 
ferent anomalies. 

5. Right aortic arch with aberrant left 
subclavian artery and left ductus arteriosus 
is one of the important complete vascular 
rings which is capable of interfering with 
respiration and swallowing during early 
life, thereby occasionally necessitating op- 
erative division of the vascular ring. How- 
ever, this anomaly usually does not signifi- 
cantly compress the trachea and esophagus, 
and, therefore, most often goes unnoticed 
until adult life when its peculiar appearance 
may mislead the radiologist into making 
the diagnosis of a mediastinal mass. 

6. Only 12 per cent of patients with right 
aortic arch with aberrant left subclavian 
artery and left ductus arteriosus have as- 
sociated congenital heart disease. 

7. Twenty-eight per cent of 555 patients 
with tetralogy of Fallot had right aortic 
arch, and approximately 93 per cent of 
these were with mirror-image branching. 

8. Thirty-six per cent of 25 patients with 
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persistent common truncus arteriosus had 
right aortic arch. 


The Mayo Clinic 
Rochester, Minnesota 
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ROENTGENOLOGIC FINDINGS IN CONDITIONS OF 
THE ASCENDING AORTA SIMULATING 
AORTIC VALVULAR INSUFFICIENCY* 


By LARRY P. ELLIOTT, M.D.,t and ROBERT S. ELIOT, M.D. 


ST. PAUL, MINNESOTA 


THE roentgenologist dealing with cardi- 
ovascular disease is frequently con- 
fronted with roentgenograms of patients 
suspected of having aortic valvular insuff- 
ciency. In analyzing such cases it is impor- 
tant to determine (1) whether or not aortic 
insufficiency is the result of intrinsic disease 
of the aortic valve itself or (2) whether the 
fundamental disease process lies in the 
ascending aorta. 


The purpose of the authors is to consoli- 
date within one communication the roent- 
genologic and angiocardiographic findings 
of certain diseases of the ascending aorta 
responsible for abnormal run-off of blood 
through the aortic valve or through chan- 
nels other than the aortic valve. These 
diseases fall into two major categories: (1) 
those causing secondary incompetence of 
the valve, thus allowing return of blood to 
the left ventricle through the orifice of the 
valve, and (2) those characterized by an 
abnormal communication between the as- 
cending aorta, on one hand, and a cardiac 


chamber or a large mediastinal vessel, on 
the other. 

The case material which forms the basis 
for this report is in the combined pathologic 
and roentgenologic collections of the Uni- 
versity of Minnesota Hospitals and the 
Cardiovascular Registry of The Charles T. 
Miller Hospital. The pathologic findings of 
conditions of the ascending aorta causing 


aortic valvular insufficiency were reviewed 
earlier by one of us (R.S.E.).? 


I. ESCAPE OF BLOOD THROUGH 
AORTIC VALVE 


Conditions of the ascending aorta caus- 
ing aortic valvular insufficiency are (A) 
dilatation of the ascending aorta, (B) tear- 
ing of the ascending aorta, or both occur- 
ring together. 

Dilatation of the ascending aorta is the 
most common process and is a manifesta- 
tion of medial weakness. The causes of 
medial weakness include (1) syphilitic 
aortitis, (2) rheumatoid spondylitis, (3) 
cystic medial necrosis as seen in Marfan’s 
syndrome, idiopathic dilatation of the 
aorta and some other heritable disorders, 
and (4) advanced age (senile dilatation). 

Tearing of the ascending aorta may cause 
(1) a "complete dissecting” aneurysm of 
the aorta, or (2) a site of localized aneurys- 
mal dilatation, or so-called “incomplete 
dissecting” type of aneurysm. 

From a roentgenographic viewpoint, the 
effects of aortic insufficiency upon the cir- 
culation are the same whether the abnormal 
flow results from intrinsic aortic valvular 
disease or from disease of the ascending 
aorta. In each process, the left ventricle 
becomes enlarged owing to the acceptance 
of an increased volume of blood during 
diastole. As will be shown in the following 
sections, it is usually the roentgenographic 
changes in the ascending aorta and general 
skeletal structure which serve to distin- 
guish the various causes of aortic regurgita- 
tion. At times, differentiation is impossible 
without selective aortography. 


* From the Departments of Radiology and Medicine, University of Minnesota, Minneapolis, Minnesota, and the Department of 


Pathology, The Charles T. Miller Hospital, St. Paul, Minnesota. 
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Fic. 1. Syphilitic aortitis. Thoracic roentgenograms in 2 cases. (a) Frontal and (4) lateral views of a $$ year 
old man. Each shows dense, linear calcifications (arrows) confined to the ascending aorta, a prominent 
ascending aorta and left ventricular enlargement. The lateral view shows calcification (arrows) of the 


aortic sinuses as well. G Frontal and (d) lateral views of a 60 year old man. Dense linear caleihications 
(arrows) confined to the ascending aorta. There is dilatation of the ascending aorta and an aneurysm of 
vi 


Fi 


the arch (confirmed by thoracic aortography). The latter (black arrows) seen better in the lateral view. 


The cardiac silhouette is not enlarged. 


A, DILATATION OF AORTA 
t. Syphilitic Adortitis. This is the classic 
condition in which aortic valvular insuffi- 
ciency results from aortic dilatation. 
With the exception of aortic dilatation, 
specific roentgenographic features do not 


appear until the disease process is ad- 
'anced. The commonlv associated intimal 


* 


calcification of the ascending aorta and 


arch is the factor from which a strong sus- 
picion of syphilitic aortitis may be enter- 
tained roentgenographically (Fig. 1, a-d). 
This calcification is usually a manifestation 
of atherosclerosis superimposed upon the 
underlying syphilitic process and not of 
syphilis per se. 

In association with calcification of the 
ascending aorta, there usually is dilatation 
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and elongation of the thoracic aorta. The 
calcification is manifested as thin deposits 
in the ascending aorta. In some instances 
the calcification mav be seen in frontal view 
but is seen best in oblique and lateral views 
(Fig. 1, a-d). The root of the aorta may 
also show evidence of calcification, as may 
the descending thoracic aorta. Calcification 
of the thoracic aorta has been reported to 
occur in 40 per cent of cases of syphilitic 
aortitis." There are usually no abnormal 
roentgenologic changes until the condition 
is advanced. 

While syphilitic aortitis is by far the 
most common condition underlying calcifi- 
cation of the ascending aorta, we have 
observed the same finding in other condi- 
tions involving this portion of the aorta, 
These include idiopathic dilatation, athero- 
sclerosis and localized aneurysms. 

When aortic valvular insufficiency is 
present, the left ventricle shows consider- 
able ealayecm cnt. Not infrequently, the 
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arch is larger than the heart (Fig. tc). 

The degree of valvular incompetence 
may be accompanied by pronounced dila- 
tation of the aortic sinuses (Valsalva). The 
latter feature is best Cee by 
selective thoracic aortography (Fig. 2, a 
and Z). 

Rheumatoid Spondylitis. Rheumatoid 
cu mav be responsible for aortic 
insufficiency and pathologically the lesion is 
dithcult to distinguish from syphilitic aor- 
ttis.^? In rheumatoid spondylitis the le- 
sions tend to be confined to the ascending 
aorta yet thev spare the aortic sinuses 
whereas in syphilitic aortitis the lesions 
may involve the entire thoracic and the 
aortic sinuses as well. 

Roentgenologic ally, the diagnosis of aor- 
tic Incompetence on the basis of rheuma- 
toid spondylitis may be suggested when the 
ascending aorta 1s dilated and is associated 
with skeletal changes of rheumatoid spon- 
dvlitis. 





2. Syphilitic aortitis. (a and 6) Frontal and lateral selective thoracic aortograms. Same patient as shown 


in Figure 1, a and 6 There is fusiform dilatation of the ascending aorta (AA) with dense opacification of 


the left véntuels 


(LV), indicating severe aortic valvular incompetence. AV — aortic valve. 
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3. Cystic Medial Necrosis of the Aorta. 
The congenital disturbance of connective 
tissue which is manifested in Marfan’s 
syndrome is often associated with aortic 
medial disease.319.2439.3 The basic lesion is 
extensive fragmentation, interruption and 
rarefaction of elastic fibers of the media 
with mucoid accumulations. Other than 
dilatation of the ascending aorta leading to 
aortic insufficiency, complications of the 
aortic medial disease include the formation 
of saccular aneurysms or of dissecting 
aneurysms. Other stigmata frequently pres- 
ent are arachnodactyly, luxation or sub- 
luxation of the optic lenses, kyphoscoliosis, 
pectus excavatum and high palate. 

Cystic medial necrosis of the aorta has 
been described in several heritable dis- 
orders. This process may occur in gargoyl- 
ism,?? Ehlers-Danlos syndrome,’ and oste- 
ogenesis imperfecta.* When a patient with 
one of the foregoing heritable disorders 
displays roentgenologic signs of aortic 
valvular insufficiency, the diagnosis of 
cystic medial necrosis of the ascending 
aorta 1s permissible. 

It is important to realize that cystic 
medial.necrosis of the aorta occurs in vary- 
ing degrees among people with apparently 
normal body habitus. In such patients, 
involvement of thé aorta has been termed 
idiopathic dilatation of the aorta, a condi- 
tion considered to represent a forme fruste 
of Marfan's syndrome, although the latter 
point is difficult to prove or disprove.” 

In each condition, the roentgenographic 
findings of the heart and great vessels 
are identical and will be presented to- 
gether. 

The data obtained from roentgenograms 
and cardiac roentgenoscopy usually are 
those of classic aortic valvular insufficiency. 
These are (1) varying degrees of promi- 
nence of the ascending aorta, (2) left ven- 
tricular enlargement, and (3) increased 
pulsations of the entire thoracic aorta (Fig. 
3, a-d; and 4, a-d). In cystic medial necro- 
sis, the aorta shows considerably more 
prominence than in examples of intrinsic 


Conditions Simulating Aortic Valvular Insufficiency 


393 


aortic valvular insufficiency (Fig. 3, a-d). 
The prominence may be so great that the 
lateral views not infrequently show the 
ascending aorta occupying the entire retro- 
sternal space above the anterior cardiac 
border (Fig. 34). 

In some cases, dilatation of the ascending 
aorta is confined predominantly to the 
region of the aortic valve and the proximal 
part of the ascending aorta, each of which is 
situated within the cardiovascular silhou- 
ette. As a result, the frontal roentgenogram 
does not reveal the true extent of the aortic 
dilatation (Fig. 5, a and 4; and 6, a-4).?? In 
such cases, dilatation of the ascending aorta 
is usually recognizable in the left anterior 
oblique and/or lateral views. An additional 
roentgenographic sign may be of help. The 
aortic sinuses and the suprabulbar portion 
of the ascending aorta may be so dilated as 


-to yield the effect of a mass over the mid- 


dorsal spine. Penetrated grid roentgeno- 
grams are essential to define the phenome- 
non (Fig. 34; and 62). 

The most striking angiocardiographic 
feature is marked and symmetric dilatation 
of the ascending aorta restricted to the 
ascending portion and including the aortic 
sinuses (Fig. 3 through 6). Characteristi- 
cally, the wall is smooth and uniform. In 
addition, generally there is pronounced 
dilatation of the aortic sinuses. The dilata- 
tion is usually so pronounced that the aor- 
tic sinuses are poorly defined and may be 
described as “effaced.” Typically, the as- 
cending aorta and aortic sinuses in the 
lateral view resemble in shape a Florence 
flask (Fig. 34). As the aorta is traced dis- 
tally its caliber changes abruptly to normal 
(Fig. 3 through 6). 

The degree of aortic incompetence 1s 
judged best by selective aortography (Hig. 
3 through 6), without which the true diam- 
eter of the dilated portion of the ascending 
aorta cannot accurately be evaluated (Fig. 
6, c and d). 

4. Senile Dilatation of the Ascending 
Aorta. In elderly individuals the aorta reg- 
ularly is dilated. This is a commonly recog- 
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Fic. 3. Idiopathic dilatation of the ascending aorta in a 24 year old man with aortic valvular regurgitation, 
Abbreviations as in Figure 2. (a) Frontal and (4) left anterior oblique views, respectively, showing pro- 
rounced enlargement of the ascending aorta and of the left ventricle. (c) Frontal and (æ) lateral thoracic 
aortograms. There is pronounced dilatation of the upper two-thirds of the ascending aorta and of the 

en the normal and abnormal portions. The dilatation 1s associated 





aortic sinuses. Abrupt change betwe 
with severe aortic valvular regurgitation. 


nized but poorly understood phenomenon coexist when the aorta is dilated in aged 
which is to be charged to progressive weak- subjects. 
ness of the media. It is not secondary to Though some degree of aortic elongation 


t 
atherosclerosis, although this lesion may and widening of the ascending aorta is 
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Fic. 4. Marfan's syndrome with aortic valvular regurgitation in a ig year old man. Abbreviations as in 
Figure 2. (a) Frontal thoracic roentgenogram. There is evidence of only moderate prominence of the 
ascending aorta. (4) Left anterior oblique view shows considerable dilatation of the ascending aorta 
(4.A). (c) Frontal and (4) lateral thoracic aortograms. There is marked dilatation of the lower portion of 
the ascending aorta, of the aortic root and of the aortic sinuses. Abrupt change in caliber between the 
dilated portion and the normal portion of the ascending aorta. In addition, there is aortic valvular regurgi- 
tation (arrows), R=right; P= posterior and L = left aortic sinuses, respectively. 
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FIG. 
Figure 2. (a) L 


5. Marfan's syndrome in a t9 year old man with aortic valvular regurgitation. 


‘rontal thoracic roentgenogram fails to show dilatation of the ascending aorta. 


Abbreviations as in 
(5) Thoracic 


áortogram shows typical aneurysmal dilatation of the lower ascending aorta and of the aortic sinuses. 


Aortic valvular regurgitation 1s also evident. 


universally seen in patients of advanced 
age, the degree of dilatation usually is in- 
suficient as to be a cause of aortic valvular 
incompetence. 

Rarely, we have observed established 
cases in the advanced age group in which 
roentgenograms showing pronounced dila- 
tation of the ascending aorta and left ven- 
tricular enlargement in an elderly patient 
with clinical signs of aortic insufficiency 
may only be suspected as resulting from 
senile dilatation after excludi ling other con- 
ditions (Fig. 7). 


B. TEARING OF THE ASCENDING AORTA 
The ascending aorta 1s subject to tearing 
under several circumstances. The most 
common of these 7 typical dissecting aneu- 
rysm (Fig. 84). The usual background for 
dissecting a IS systemic hyperten- 
SIOA 
the gorta is often considered a common 
association of dissecting aneurysm, this 

process is frequently of minor degree. 


Although cystic medial necrosis of 


After the initial tear occurs in the ascend- 
ing aorta, a plane of cleavage is developed 
within the aortic media by a dissecting 
hematoma. The tear in the ascending aorta, 
if located just above the aortic valve, mav 
result in aortic incompetence by virtue of 
loss of support of one or more of the aortic 
cusps (Fig. 84). 

In some instances the internal tear, like 
that of dissecting aneurysm, 1s not followed 
by a dissecting hematoma (Fig. 8, a and 2). 
The aortic wall, however, is weakened and 
a saccular aneurysm may develop. (This 
type of aneurysm is referred to as an “‘in- 
complete dissecting” type of aneurysm.) 

In either instance, when valvular incom- 
petence complicates a tear of the ascending 
aorta, the functional abnormality results 
either from dilatation of the aorta and 
valvular distortion (as in syphilitic aorti- 
tis), or the tear 1s so located as to cause loss 
of support of one or more of the aortic 
cusps. 

The roentgenologic findings to be dis. 
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Fic. 6. Idiopathic dilatation of the ascending aorta with aortic valvular regurgitation in a 37 vear old man 
Abbreviations as in. Figure 2. (4) Frontal thoracic roentgenogram showing enlarged left ventricle and 
suggestion of only a mild degree of dilatation of the ascending aorta. (2) Heavily penetrated frontal 
roentgenogram shows a mass density (arrows) representing the ascending aorta overlying the mid-dorsal 
spine. (e and 4) Frontal and lateral thoracic aortograms showing marked dilatation of the aortic root 
including the aortic valvular ring and aortic sinuses. There is severe aortic valvular regurgitation. The 
dilated aortic sinuses and lower ascending aorta correspond to the “mass lesion” shown in Z. 


cussed will apply only to that small group valvular incompetence complicates a dis- 


of patients who survive the initial episode secting aneurysm, the initial tear usually 
of a tear in the aorta and then develop occurs just above the aortic valve rather 
aortic valvular insufficiency. than at distal levels. 

1. Complete Dissecting Aneurysm, When The roentgenologic appearances are de- 





Fic. 7. Senile dilatation of the ascending aorta with 
aortic. valvular regurgitation in a 68 vear old 
man. Thoracic roentgenogram shows prominence 
of the ascending aorta anc. of the aortic arch and 
left ventricular enlargement. 


termined by the stage at which the exami- 
nation is made. In all stages, the ascending 
aorta is dilated and the aortic knob is ab- 
normally high and large (Fig. g). The heart 
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is enlarged owing to the aortic valvular 
incompetence that has developed. In the 
lateral view, the ascending aorta bulges 
superiorly into the retrosternal space. If 
previous roentgenograms are available that 
show a linear plaque in the wall of the as- 
cending aorta or of the aortic knob, the 
plaque mav serve as a baseline from which 
to measure a change in the diameter of the 
aorta. The roentgenographic appearance 
may be difficult to distinguish from svphi- 
ltic aortitis when calcification has devel- 
oped along the length of the aneurysm, as it 
may in cases of "healed" dissecting aneu- 
rysm. 

Dissecting aneurysm can best be deline- 
ated by aortography. Its appearance is 
characterized by a ragged, narrowed aortic 
lumen accompanied by a thickened aortic 
wall. In the presence of such changes, asso- 
ciated aortic regurgitation lends further 
support to the diagnosis of dissecting 
aneurysm. 

2. Incomplete Dissecting (Saccular) Aneu- 
rysm. A localized saccular aneurysm result- 
ing from a tear in the aorta rarely occurs in 





Iie. 8. Schematic representation of the two fundamental types of tear which occur in the ascending aorta. 


The shaded area represents blood in the media of the aortic wall. Large arrows indicate aortic insufficiency. 
(a) Dissecting aneurysm. Dilatation of the aorta causes aortic regurgitation. (4) Incomplete dissecting 
(saccular) aneurysm. Tear above ascending aorta has not resulted in dissection, Support of aortic valve is 


weakened, 
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the ascending portion of the vessel. The 
closer the tear is to the aortic valve, the 
more likely will be the chances that aortic 
regurgitation will appear. 

A saccular aneurvsm of the ascending 
aorta either may appear as a localized 
prominence of the ascending aorta or cause 
no alteration in configuration of the ascend- 
ing aorta (Fig. ro, a and 4). The absence of 
roentgenographic abnormality may be in- 
dicative of origin of the aneurysm trom the 
posterior aspect of the aortic wall. Calcifi- 
cation may develop in the wall of the aneu- 
rysm causing it to be confused with syphi- 
litic aortitis. 

Selective aortography is of extreme aid in 
showing both the localized saccular dilata- 
tion above the aortic sinuses and the degree 
of aortic incompetence. Without aortogra- 
phy, the differentiation between saccular 
aneurysm and aneurysmal dilatation of the 
ascending aorta on the basis of syphilis, 
cystic medial necrosis or intrinsic disease of 
the aortic valve is difficult. 

The case shown in Figure 10, a and 6 was 
studied at necropsy and reported by Levy 
and associates.!? This was a 49 year old man 
with an “incomplete dissecting” aneurysm 
of the ascending aorta, the result of cystic 
medial necrosis. As the diseased part of the 
aorta became dilated, it stretched the at- 
tached aortic cusps. As a result, one cusp 
developed a gross fenestration, while a 
second ruptured and prolapsed. 


Il, RUN-OFF OF BLOOD THROUGH 
CHANNELS OTHER THAN AORTIC 
VALVE 


The first section of this communication 
dealt with conditions of the ascending 
aorta which caused incompetence of the 
aortic valve while the aortic valve was, as a 
rule, intrinsically normal. The conditions 
forming the basis for this section have, in 
common with the above noted diseases, an 
abnormal run-off of blood from the ascend- 
ing aorta which may simulate functionally 
intrinsic aortic valvular disease. In con- 
trast, however, in the conditions herein to 
be considered, the run-off of blood is not 
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Fic. 9. Dissecting aneurysm of the ascending aorta 
causing aortic valvular regurgitation in a 64 year 
old man. Thoracic roentgenogram shows widening 
of the entire ascending aorta which obscures the 
medial portion of the right upper pulmonary field. 
The descending thoracic aorta shows an irregular 
and shaggy contour. In addition, there is left 
ventricular enlargement. 


through the aortic valve but rather through 
an abnormal communication between the 
ascending aorta on the one hand, and a 
cardiac chamber or a large mediastinal 
vessel, on the other. 

Abnormal communications involving the 
ascending aorta may arise either from the 
beginning of the aorta, at the sinuses or at 
more distal levels in this segment of the 
vessel. Congenital and inflammatory lesions 
are the most common causes. 


ANEURYSMS OF THE AORTIC SINUSES 


Aortic sinus aneurvsms are of two types, 
the congenital and the acquired.™ The 
pathologic changes in congenital aortic 
sinus aneurysm consist primarily in separa- 
tion of the aortic media from the annulus 
fibrosus of the aortic valve.’ This separa- 
tion causes a weakness of the wall of the 
aorta and aneurysmal protrusion follows. 
Following this development, rupture of the 
aneurysm may occur. 

Acquired aneurysms of the aortic sinuses 
usually are of mycotic nature secondary to 
bacterial endocarditis, particularly that 


lust, 1956 


Larrv P. Elliott and Robert S. Eliot 


¢ 
O 





Pie. 10. Thoracic roentgenograms and selective thoracic aortogram in a 49 year old man with aortic in- 
sufficiency secondary to saccular aneurysm of ascending aorta of the "incomplete dissecting” aneurysm 
type. Aneurysm was result of cystic medial necrosis. Case reported by Levy and associates.!? (à) Frontal 
and (4) lateral views, respectively, There is marked dilatation of the lower portion of the ascending aorta 
(A). In contrast to the uniform dilatation of the ascending aorta seen in cystic medial necrosis without 
saccular aneurysm, there is an eccentric saccular projection (SA) of the left and posterior aspects of the 


ascending aorta just above the left aortic sinus. Severe aortic insufficiency is shown by dense opacification 


of the left ventricle (LV). (From Levy and associates!? with permission.) 


involving the aortic valve. When mvcotic 
aneurysms rupture, they do so into the 
structure or chamber which happens to be 
contiguous with the aneurysm. In contrast 
to the usual congenital aneurysm, mycotic 
aneurvsms may, in a rare instance, rupture 
into the pericardial space. 

The most common location for aortic si- 
nus aneurysm is the right aortic sinus. 516% 
Commonly, it ruptures into the outflow 
tract of the right ventricle, and frequently 
is associated with a ventricular septal de- 
fect (Fig. 114). Less commonly, an aneu- 
rvsm of the right sinus ruptures into the 
right atrium. Next in order of frequency are 
aneurysms of the posterior aortic sinus 
(Fig. 112). These usually present or rupture 
into the right atrium and commonly occur 
as isolated malformations. 


Aneurysms involving the left aortic sinus 
are extremely rare. By virtue of its ana- 
tomic location, the aneurvsm at this site 
may cause narrowing of the left coronary 


artery, or it may rupture into the peri- 


cardial cavity or into the left atrial appen. 
dage" 

When aneurysms of an aortic sinus rup- 
ture, they exhibit abnormal run-off of blood 
during svstole and diastole, and, in some 
aspects, may be with 
insufficiency. 

It should be emphasized that the right 
and posterior aortic sinuses, by virtue of 
their location, are not border-forming 
structures in the cardiovascular silhouette, 
even following aneurysmal dilatation. 
Rarelv, however, an aneurvsm of the left 
aortic sinus will appear as a small bulge in 
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Fic. 11. Diagrammatic representation of the two common forms of congenitally ruptured aortic sinus 
aneurysm. (Modified from Kanjuh and Edwards!" with permission.) (a) Aneurysm of right aortic sinus. 
ruptured into the right ventricle (R.V.). Commonly, a ventricular septal defect (bold arrow) is asso- 


ciated. (4) Aneurysm of posterior aortic sinus ruptured into the right atrium (R.À.). 


the upper portion of the left cardiovascular 
silhouette resembling a prominent left 
atrial appendage.? 

The roentgenologic findings depend upon 
the size of the communication between the 
ascending aorta and the cardiac chamber 
with which it communicates. Therefore, the 
roentgenographic findings may range from 
normal in the case of a small communica- 
tion to those of a large left-to-right shunt 
with considerable pulsation of the entire 
thoracic aorta when the communication 1s 
large. 

The roentgenologic features among the 
few cases observed by us were identical 
with those of a large left-to-right shunt 
occurring distally to the atrioventricular 
valves, regardless of whether the rupture 
occurred into the right atrium or into the 
right ventricle (Fig. 12, a, ò and c). 

In the case of aneurysms of the right 
aortic sinus, these findings are not unex- 
pected, since this type is usually associated 
with a ventricular septal defect (Fig. 12, a, 
b and c). Moreover, roentgenoscopy did not 
reveal any abnormal pulsations of the 
thoracic aorta or right atrium. 


€ 


Thoracic aortography is the only defini- 
tive means of diagnosis. As shown in Figure 
12c, the contrast-filled right aortic sinus 
aneurysm may be seen to herniate into the 
outflow tract of the right ventricle. À small 
jet of opacified blood enters the right ven- 
tricle through the defect in relation to the 
right aortic cusp. 


AORTICO-LEFT VENTRICULAR TUNNEL 


This condition may be congenital or 
acquired in origin. Both types are to be 
distinguished from aortic sinus aneurysm. 
The congenital form is represented by an 
abnormal vessel-like structure which begins 
in the anterior aspect of the ascending aorta 
(above the right coronary artery), bypasses 
the aortic valve, and leads through the 
ventricular septum into the left ventricular 
cavity (Fig. 13). Within the ventricular 
septum, the tunnel lies in the posterior wall 
of the right ventricular infundibulum. In 1 
of 3 cases reported by Levy and associ- 
ates,!® the extracardiac portion of the tun- 
nel exhibited a saccular aneurysm. These 
authors observed that histologic examina- 
tion of the ascending aorta showed none of 
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Fic. 12. Ruptured right aortic sinus aneurysm communicating with the right ventricle in association with a 
ventricular septal defect. (a and 4) Frontal and lateral thoracic roentgenograms. The pulmonary trunk 
and central and peripheral pulmonary arteries are prominent, indicating a left-to-right a Left atrial 
enlargement indicates that the shunt is distal to the atrioventricular valves. Scoliosis of upper dorsal spine 
results in the aortic arch being somewhat prominent. (7) Selective thoracic aortogram in lateral view show- 
ing the aneurysm (A) of the right aortic sinus (R) projecting into the right ventricle (RV). Contrast 


material (arrows) is shown passing from the aneurysm into the right ventricle. 


the features encountered in Marfan’s 
syndrome. 

The roentgenograms in each of the 3 
cases of congenital aortico-left ventricular 
tunnel reported by Levy and associates? 
showed moderate to severe cardiomegaly in 
the frontal projection. Enlargement was 
principally of the left ventricle as evidenced 
by a prominent left lower cardiac border. 


'There was also a small convex bulge in the 
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Fig. 13. Aortico-left ventricular tunnel. Schematic 


representation showing the vessel-like structure 
between the ascending aorta and the left ventricle. 


AA = ascending aorta, 


region of the shadow formed by the a 
nary trunk. There was absent to mild left 
atrial enlargement. The pulmonary vascu- 
lature was normal. The most significant 
finding was pronounced dilatation of the 
ascending aorta. Roentgenoscopicalls v; the 
entire thoracic aorta revealed prominent 
pulsations, identical with those seen in 
aortic valvular incompetence. 

Specific diagnosis is derived from an 
ascending thoracic aortogram. The ascend- 
ing aorta shows fusiform dilatation. In the 


aortogram, visualization of a vessel-like 
structure above the right aortic sinus and 


projection into the region of the pulmonary 
trunk 1s the typical finding. Lack of con- 
trast material entering the pulmonarv 
arteries together with opacification of the 
left ventricle should establish the correct 
diagnosis. On occasion, aortic valvular 
regurgitation coexists. 

Infection of the aorta usually is a compli- 
cation of bacterial infection of the aortic 
valve (Fig. 14). Weakening of the aortic 
wall by infection may result in a mycotic 
aneurysm, Rupture of the aneurysm leads 
to abnormal escape of blood from the as- 
cending aorta." Because of the potential 
complexity of the path that an infectious 
process may take, exotic channels mav 
result from bacterial infection. Communi- 
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Fic. 14. Acquired form of aortico-left ventricular 
communication. Schematic representation of my- 
cotic aneurysm of aorta communicating with the 
left ventricle as a complication of bacterial endo- 
carditis, 

cation may be established between any 

adjacent structure, such as either ventricle 

or atrium, the pulmonary arterial system, 
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the superior vena cava or the pericardium. 

The roentgenologic findings are not char- 
acteristic, since the eventual structural 
effects depend on the site into which the 
aneurysm ruptures. The diagnosis may be 
suspected when a patient with a history of 
bacterial endocarditis suddenly develops 
signs of aortic insufficiency or a left-to-right 
shunt. 

Specific diagnosis of an aneurysm with 
abnormal run-off of blood into the left 
ventricle is derived from thoracic aortogra- 
phy. The unruptured aneurysm resulting 
from bacterial infection may be difficult to 
distinguish from an incomplete dissecting 
(saccular) aneurysm. 


SYPHILITIC AORTITIS 


Although syphilitic aortitis classically 
causes incompetence of the aortic valve, an 
additional complication is rupture of the 
aorta or of an aneurysm into adjacent 
structures, such as the superior vena cava 
(Fig. 152), a pulmonary artery (Fig. 152), 
or the pericardial cavity. Rupture into a 
vessel allows an abnormal run-off from the 
aorta at a level distal to the aortic sinuses. 





Fia. 15. Schematic representation of syphilitic aneurysm rupturing into (a) the superior 
vena cava (S.V.C.) and (4) the pulmonary trunk (P.T.). 
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Fic. 16. Aorticopulmonary septal defect. Thoracic 
roertgenogram in the frontal view showing 
prominent pulmonary trunk, central and periph- 
eral pulmonary vessels, indicating a left-to-right 


shunt. 


The proper diagnosis might be suspected 
from study of roentgenograms if the subject 
has exhibited the classic signs of syphilitic 
aortitis prior to rupture of the aneurysm. 
The fundamental complicating signs are 
those of a left-to-right shunt and right- 
sided cardiac enlargement. Rupture into 
the superior vena cava would result in 
prominence of this structure. In the tho- 
racic aortogram, visualization of the aneu- 
rysm and its site of communication should, 
in most cases, establish the diagnosis of 
syphilitic aneurysm communicating with a 
contiguous vessel. It is conceivable that 
serologic tests for svphilis might be neces- 
sary to differentiate this condition from 
mycotic aneurysm, since in each of the 
conditions the wall of the aneurysm may 
calcify. 

AORTICOPULMONARY SEPTAL DEFECT 


This congenital lesion is characterized by 
a window-like communication between the 
ascending aorta and pulmonary arterial 
trunk. The opening lies in the left anterior 
wall of the aorta just above the level of the 
left coronary arterial ostium. In the pulmo- 
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nary trunk, the opening is located in its 
right wall just anterior to the ostium of the 
right pulmonary artery. In general, the 
hemodynamic findings are similar to those 
in cases of large patent ductus arteriosus. 
The latter condition, in fact, is associated 
with about 12 per cent of cases of aortico- 
pulmonary septal defect.” 

The roentgenographic appearances are 
those of a left-to-right shunt, namely, dila- 
tation of the pulmonary trunk and its 
branches. These vessels mav exhibit con- 
spicuous pulsations during roentgenoscopy 
(Fig. 16). The heart is moderately enlarged 
and the left atrium is slightly enlarged. 
Roentgenograms indicate a left-to-right 
shunt distal to the atrioventricular valves. 
In contradistinction to patent ductus arte- 
riosus, there usually is no prominence of the 
aortic knob, 

Roentgenologically, a specific diagnosis 
may only be derived by selective thoracic 
aortography.!?^? By this technique, the 
ascending aorta and the pulmonary trunk 
are noted to be connected by a window-like 
defect (Fig. 17, a and 4) and a separation 
between the two vessels below the defect 
will usually be seen. It is essential to iden- 
tify both the aortic and pulmonary valves 
since in persistent truncus arteriosus the 
findings may be similar except for the fact 
that there is only one semilunar valve in the 
latter condition. 


CORONARY FISTULA 


The communication of a coronarv artery 
with a cardiac chamber, coronary sinus, or 
the pulmonary trunk may cause functional 
derangements that allow an abnormal 
run-off of blood from the ascending aorta 
during systole and diastole (Fig. 18, a~d).?! 
Only if the anomalous coronary artery 
connects with the left ventricle does the 
run-off occur only during diastole. These 
anomalies may be complicated by bacterial 
infection, mvocardial ischemia, congestive 
cardiac failure, or all three. The right coro- 
nary artery 1s involved slightly more com- 
monlv than the left. The sites of termi- 
nation are most often the right atrium or a 
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There | is opacification of the ascending aorta 





(A) and a shunt of contrast material 
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=. Selective thoracic aortograms in aorticopulmonary septal defect. (a) Frontal and 


(5) lateral views. 
from the ascending 


aorta through the aorticopulmonary septal defect into the pulmonary trunk (PT). 


d xu the right venti cle and the 
The - roentgenograms po reveal 
evidence of a left-to-right shunt (Fig. 19, 


à and 2), but if the shunt is small the roent- 


genograms may yield normal features. If 


mvocardial ischemia is a complicating 
feature, the roentgenograms show signs 
consistent with a cardiac myopathy rather 
than a left-to-right shunt. 

When a left-to-right shunt is evident, the 
left atrium is enlarged in approximately 
one-half of the cases. The aortic knob is 
not conspicuously prominent. In general, 
the roentgenologic findings are not diag- 
nostic and seem to depend on the OA 
dvnamic alterations in the individual case. 

On rare occasions, peculiar densities or a 
prominence along the border of the cardiac 
silhouette may be caused bv the involved 
dilated and tortuous coronary artery. In a 
case reported by Barcia and associates,’ the 
enormous dilatation of the right coronary 
artery was represented by an unusual and 


tortuous density within the right aspect of 


the cardiac silhouette. In a case reported by 


Neufeld and associates, the enlarged lett 
coronary artery vielded an abnormal 
prominence of the mid-left cardiac border. 

A specific diagnosis derived by thoracic 
aortography characteristically shows that 
the coronary artery which enters into 
anomalous communication with a cardiac 
chamber or pulmonary trunk 1s obviously 
enlarged. It is not only dilated, but elon- 
gated and tortuous. The enlarged artery 
commonly shows focal saccular aneurysms 
with calcified walls. Filling of the anomalous 
coronary vessels (the right or left) is fol- 
lowed by opacification of the chamber or 
vessel with which the artery is in anomalous 
communication, 


ANOMALOUS ORIGIN OF THE LEFT CORONARY ARTERY 
FROM THE PULMONARY TRUNK 

In this condition, the right coronary 
artery arises from the aorta in its usual 
position, whereas the left coronary artery 
arises from the pulmon: ary trunk. Endo- 
cardial sclerosis of the left ventricle is often 
present. Coexisting mitral insufficiency on 
the basis of infarction of the papillary 
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Fic. 18. Anomalous connections of coronary arteries. Schematic representation of conditions in which two 
coronary arteries arise from the aorta and in which one or both vessels make anomalous connection with a 
cardiac chamber or a vessel. (Modified from Kanjuh and Edwards! with permission.) (2) Right coronary 
artery joins coronary sinus. (4) Right coronary artery connects with right atrium (R.A,). (c) Right ven- 
tricle (R.V.) receives a branch of the right coronary artery. (d) Both coronary arteries connect through an 


"accessory coronary artery" with the pulmonary trunk (P.T.). 
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lac, 19. Coronary arterial fistula to right ventricle. (a) Frontal and (4) lateral roentgenograms. The roent- 
genographic findings are simply those of a left-to-right shunt distal to the atrioventricular valves. 


muscles of the mitral valve mav occur.” 

Anomalous origin of the left coronary 
artery in the older infant and child is simi- 
lar functionally to the usual coronary 
hstula. In both of these situations, an 
arteriovenous-like arrangement involves 
the coronary arterial svstem and is re- 
flected as an abnormal escape of blood trom 
the aorta to the pulmonary trunk. The 
direction of blood flow is governed by the 
fact that the resistance to the flow of blood 
in the pulmonary circulation is less than 
thatin the svstemic circulation. 

The roentgenogram shows marked car- 
diomegaly owing to left ventricular en- 


x. 


largement (Fig. 20). The left atrium is 
usually mildly enlarged and the pulmonary 
vasculature is prominent, indicating pul- 
monary venous congestion. These findings 
are identical to those observed in endocar- 
dial sclerosis and mitral insufficiency. 
The most definitive diagnostic procedure 
is selective right coronary arteriography. 
Injection into the right coronary artery 
ultimately shows opacification of the pul- 
monary trunk. In the first sequence of 
films, the right coronary artery is large and 
tortuous. This is followed in rapid sequence 
by filling of anastomotic twigs, then re- 


versed flow through the left coronary artery 
into the pulmonary trunk. 


COMMENT 


In this communication, the roentgeno- 
graphic findings in diseases of the ascending 


t 
Age? 


aorta responsible for abnormal run-off of 
blood were discussed. 





Fic, 20. Anomalous origin of the left coronary artery, 
Frontal thoracic roentgenogram showing cardio. 
megalv principally bv virtue of left ventricular and 
left atrial enlargement. 
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In the first major category of diseases of 
the ascending aorta, abnormal dilatation 
of the ascending aorta resulting from in- 
trinsic weakness or from a tear causes 
mechanical distortion of the aortic valve 
and the latter may. close improperly. It was 
indicated that the clinical and roentgenolo- 
gic pictures might be confused with those of 
incompetence of the aortic valve owing to 
intrinsic aortic valvular disease. These 
roentgenographic features are (a) dilatation 
of the ascending aorta, (b) left ventricular 
enlargement and (c) increased pulsations of 
the entire thoracic aorta. 

Although certain functional and struc- 
tural effects of these two anatomic forms 
of aortic insufficiency are alike, certain 
other findings in the roentgenogram often 
serve to distinguish one disease process from 
another. Pronounced dilatation of the as- 
cending aorta usually indicates a primary 
condition of the ascending aorta, whereas 
aortic valvular regurgitation owing to in- 
trinsic valvular disease usually results in 
only mild to moderate dilatation of the 
ascending aorta. Additional signs which 
support a diagnosis of intrinsic disease of 
the aortic valve (whereas absence of these 
signs indicates a condition of the ascending 
aorta) are (d) coexisting mitral valvular 
disease, (e) calcification in the aortic valve 
and (f) signs of coexisting aortic valvular 
stenosis. , 

When a condition involving the ascend- 
ing aorta primarily is suspected, certain 
other roentgenologic findings, when present, 
strongly suggest the specific disease process 
involving the ascending aorta. These are as 
follows: 

(1) Syphilitic aortitis may often be 
diagnosed from roentgenograms on the basis 
of the commonly associated intimal calcifi- 
cation of the ascending aorta, of the aortic 
sinuses, or of both. 

(2) Aortic insufficiency on the basis of 
rheumatoid spondylitis should be suggested 
if the specific skeletal changes are present. 

(3) Aortic insufficiency on the basis of 
cystic medial necrosis of the aorta may be 
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considered with confidence when the physi- 
cal and skeletal changes of arachnodactyly, 
subluxed lens, etc., are present. In the so- 
called forme fruste of Marfan's syndrome, 
termed idiopathic dilatation of the ascend- 
ing aorta, the roentgenologic findings are 
identical to those in arachnodactyly except 
that the associated skeletal and physical 
findings are absent. In spite of the presence 
of aortic dilatation, roentgenograms in the 
frontal view may fail to show this feature. 
In such cases the dilatation of the ascending 
aorta is usually apparent in lateral or left 
anterior oblique views. Frequently, the 
frontal projection. shows a mass-density 
over the dorsal spine. 

The rare heritable disorders resulting 1n 
dilatation of the ascending aorta may be 
diagnosed only if the typical skeletal and 
clinical findings coexist. 

(4) When aortic valvular incompetence 
complicates a tear in the ascending aorta, 
the predominant roentgenologic signs may 
be those of dissecting aneurysm. When the 
tear results in a so-called “incomplete dis- 
secting" aneurysm, diagnosis may be difti- 
cult from the thoracic roentgenogram. 

In the second major group of conditions 
discussed herein, namely, those character- 
ized by an abnormal communication be- 
tween the ascending aorta, on one hand, 
and a cardiac chamber or a large media- 
stinal vessel, on the other, the functional 
effects are roentgenographically more varia- 
ble than those disease processes of the 
ascending aorta causing abnormal dilata- 
tion. In some, the roentgenographic find- 
ings indicate a left-to-right shunt; in 
others, there appears to be aortic valvular 
regurgitation. The conditions in the second 
group which simulate aortic valvular regur- 
gitation are represented by congenital and 
acquired forms of communication between 
the aorta and left ventricle. - 

The roentgenographic signs in the ma- 
jority of conditions allowing run-off of 
blood through channels other than the 
aortic valve are nonspecific as to whether 
the primary disease process resides in the 
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ascending aorta. On the other hand, the 
auscultatory findings at times yield con- 
siderable information as to the functional 
nature of the disease process. When these 
are correlated with the roentgenographic 
findings, they may be significant in indi- 
cating that the fundamental site of disease 
lies in the ascending aorta. 

Shunts in which the site of origin is at the 
aortic level characteristically yield a con- 
tinuous or near-continuous murmur. The 
reason for this is apparent when one recalls 
that this hemodynamic situation allows 
near-continuous run-off of blood through- 
out the cardiac cycle from the aorta to a 
vascular compartment having venous 
pressure. 

When a patient with roentgenographic 
. signs of a left-to-right shunt exhibits a 


continuous or near-continuous murmur,. 


the radiologist should be alerted to the fact 
that the fundamental site of disease may 
lie in the ascending aorta. Performance of 
selective thoracic aortography is the ideal 
method of establishing an exact diagnosis. 


SUMMARY 


Conditions of the ascending aorta re- 
sponsible for abnormal run-off of blood 
when viewed roentgenographically may be 
divided into 2 major categories: (1) those 
allowing a run-off of blood through the 
aortic valve and (11) those characterized by 
an abnormal communication between the 
ascending aorta, on one hand, and a cardiac 
chamber or a mediastinal vessel, on the 
other. In the former situation, the roent- 
genograms usually indicate that the region 
in or around the ascending aorta 1s the site 
of disease and the decision to perform selec- 
tive aortography is obvious. In the second 
major group, the fact that the site of the 
disease process begins primarily in the 
ascending aorta is not obvious from con- 
ventional roentgenographic data. Correla- 
tion, however, of the roentgenographic evi- 
dence for a left-to-right shunt with the 
auscultatory findings of a systolic and 
diastolic murmur indicates that selective 
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thoracic aortography is of fundamental im- 
portance in establishing the correct diagno- 
Sis. 


Larry P. Elliott, M.D. 

The Charles T. Miller Hospital 
125 West College Avenue 

St. Paul, Minnesota 55102 
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KINKING OR BUCKLING OF THE AORTA* 
CASE REPORT WITH COMPLICATION OF ANEURYSM FORMATION 
By A. FRANKLIN TURNER, M.D.,t BYRON E. SWENSON, M.D.,4 
GEORGE JACOBSON, M.D.t and JEROME H. KAY, M.D.t 


LOS ANGELES, CALIFORNIA 


INKING or buckling of the aorta is an 
uncommon anomaly in which the de- 
scending portion of the aortic arch at the 
level of the ligamentum arteriosum is 
acutely kinked. The aorta proximal to the 
kink 1s elongated and arises higher in the 
mediastinum than usual. This anomaly is 
asymptomatic and has previously been 
considered to be a benign condition, al- 
though it often causes difficulty in the 
interpretation of the chest roentgenogram 
as It presents as a left superior mediastinal 
mass.?* 
lhe purpose of the authors is to report 
a case followed for 12 vears, during which 
time an aneurysm developed at the site of 
the kinking, which was subsequently suc- 
cesstully repaired. 


REPORT OF A CASE 


MLP., a 36 year old white female, was ad- 
mitted to Los Angeles County General Hospital 
on December 10, 1953 for an incomplete abor- 
tion, On physical examination, her blood pres- 
sure was 130/85 and her radial and femoral 
pulses were normal. All laboratory data, in- 
cluding Wassermann anticomplementary and 
Kahn precipitation tests, were normal. On the 
admission chest roentgenogram (Fig. 1), a 3 
cm. left superior mediastinal mass was noted 
just above the aortic arch. The patient left the 
hospital before further work-up could be ob- 
tained. She was re-admitted on March 16, 1948 
for an incomplete abortion. On phvsical exam- 
ination, her blood pressure was 140/80 mm. Hg 
in the right arm, 110/70 in the left arm, and 
160/120 mm. Hg in both legs. A Grade 4/6 
systolic murmur was heard best in the left 
infraclavicular region and transmitted to the 
apex. No thrills were palpable. A chest roent- 
genogram (Fig. 2) again demonstrated an 
irregular superior mediastinal mass which dis- 





i 


hic. 1. December 10, 1953. There is elongation of the 


aortic arch (arrow) with small adjacent mass 


(double arrows). 


placed the aortic arch slightly. At fluoroscopy, 
the density could not be separated from and 
appeared to pulsate with the aortic arch. A 
night brachial retrograde aortogram (Fig. 3) 
showed the typical appearance of a buckled 
aorta with the anterior arch elongated and 
elevated and with traction at the level of the 
ligamentum arteriosum indenting the posterior 
arch. There was no appreciable collateral flow 
via the intercostal, internal mammarv, or peri- 
scapular arteries. The patient was discharged 
and followed in clinic with periodic chest roent- 
genograms. On January 21, 1965, the patient 
was re-admitted because of increasing size of the 
left superior mediastinal shadow (Fig. 4). Right 
axillary aortograms revealed a trilobulated 


aneurysm involving the aortic arch (Fig. c, .7 





* From the Departments of Radiology f and Surgery,t University of Southern California School of Medicin e,and Los Angeles County 
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valve and ascending aorta. 
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hig. 2. March 76, 1958. Roentgenogram shows 
further elongation of the aortic arch (arrow) with 
no definite change in size of adjacent mass (double 
arrows). 
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and B). Again, there was no evidence of col- 
lateral circulation. 

At surgery on Febuary 1, 1965, a typical 
pseudocoarctation was observed. A trilobulated 
aneurysm was found proximal to the ligamen- 
tum arteriosum (Fig. 6.7). The walls of the 
aneurysm were so thin that the aortic blood 
flow could be observed through the aneurvsm 
wall. The ligamentum arteriosum was doubly 
ligated and transected. The left subclavian 
artery was clamped and transected and the 
aorta was transected just distal to the left com- 
mon carotid artery ace distal to the aneurvsm 
(Fig. 68). The lett RUD artery was then 
reimplanted into the aorta (Fig. 6C). Micro- 
scopic sections of the aneurysm wall revealed 
no evidence of aortitis., The patient was dis- 
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FIG. 


January 21, 1905, 
elongation of the aortic 
jacent mass has : 
(double arrows). 
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ic. $. Yanuary 25, 1965. (A) Percutaneous right axillary aortogram in left anterior oblique projection demon- 
strates lobulated aneurysm proximal to ligamentum arteriosum. (5) Right anterior oblique study more 


clearly demonstrates lobulated aneurysm. 


charged on February 10, 1965 and is well at the 
present time. 


DISCUSSION 


Approximately £o cases of pseudocoarc- 
tation have been reported?" and 9 
of these had other associated. congenital 
cardiac anomalies; 1955 This does. not 
necessarily imply an increased incidence of 
associated cardiac anomalies, inasmuch as 
the aortic kinking was an incidental finding 
and was detected only because of the 
angiographic study prompted by the asso- 
ciated heart lesion. 

Many of the published angiograms of 
kinked aorta demonstrate that the distance 
between the origin of the left common 
carotid and left subclavian arteries is 
greater than normal.) Barry's? description 
of the complex changes that occur in the 


embrvonic aorta may explain such develop- 
mental abnormalities. In organogenesis, 
some arterial segments elongate, whereas 
others become greatly contracted. One such 
change occurs in the 7th dorsal interseg- 
mental arteries when thev undergo a 
cephalad shift and become the origin ot the 
subclavian arteries. When the heart de. 
scends into the thorax, the subclavian 
artery remains relatively cephalad. There 
is associated compression of the 3rd to 
sth segments of the dorsal aortic roots and 
the 4th aortic arch segments. Failure to 
compress the left 4th aortic arch and the 
ard to 7th dorsal aortic root segments dur- 
ing development results in an abnormally 
long aortic arch that twists at the point of 
insertion of the hgamentum arteriosum. 


In the previously 
symptoms have been ascribed to the aortic 


reported cases, no 
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Fic. 6. C7) Sketch showing lobulated aneurysm proximal to ligamentum arteriosum. (2) Clamping of left 
subelavian artery and excision of aneurysm, (C) Anastomosis of aorta with left subclavian artery re- 


im planted into aorta. 


anomalv. Several patients, however, have 
had murmurs which Bruwer and Burchell! 
attributed to hemic turbulence through the 
kinked arch of the aorta. In Steinberg’s'’ 
series associated aortic valvular malforma- 
tions were also believed to be factors in the 
development of such murmurs. [n our 
case, the prominent svstolic murmur which 
was present for 6 vears was thought to be 
due te turbulence. This turbulence may 
also be a causative factor in the develop- 
ment cf the lobulated aneurysm. Although 
dilatation of the ascending aorta and 
aneurysm of the aortic sinuses have been 
reperted with pseudocoarctation,'!*!^ to 
our knowledge aneurysm formation at the 
site of aortic kinking has not been previ- 


lated that such a complication could occur. 
They pointed out that pathophvsiologically, 
the anomaly was similar to an aneurvsm. 
Instead of the usual arch, there exist three 
curves which sustain the full impact of the 
blood stream that pounds against the 
bends and produces an enlargement. As 
long as the wall remains elastic, there is no 
danger of aneurvsm formation. As the wall 
becomes less elastic, the lateral pressure 
increases at the site of convexitv and the 
artery widens further, causing more dam- 
age to 1ts wall. Hence, an aneurvsm appears 
in the parts most exposed to the blood 
stream. kinking of che aorta, once sus- 
pected, is easy to prove with angiography. 


ously reported. Sarić ef a/. in 1960 postu- 
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The differentiation of this anomaly from 
coarctation of the aorta depends clinically 
upon the demonstration of normal pulses 
and blood pressure in the lower extremities 
and angiographically the absence of col- 
lateral flow via the intercostal and internal 
mammary arteries. The importance of 
proper roentgenographic studies in the 
demonstration of pseudocoarctation has 
been stressed.'5 Berry ef al.* reported a case 
explored surgically on the basis of a venous 
angiogram done in the posterior anterior 
position. In this view, the lesion was mis- 
taken for a vascular aneurysm of the 
aorta. In the case presented, angiograms 
were taken in both the left anterior oblique 
and right anterior oblique positions, giving 
the best evaluation of aortic anomaly and 
aneurysm structure. 


SUMMARY 


Pseudocoarctation of the aorta is a rare 
anomaly. Until now, it has been considered 
to be a benign condition. The case pre- 
sented in this paper was followed for 12 
years, at which time a trilobulated aneu- 
rysm developed at the site of the aortic 
kink. To our knowledge, this is the first 
reported case of such a complication. A 
possible reason for the aneurysm formation 
is suggested and the differentiation of 
pseudocoarctation from true coarctation is 
briefly discussed. 


A. Franklin Turner, M.D. 

Department of Radiology 

University of Southern California School of Medicine 
Los Angeles, California 
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PAINLESS CHRONIC DISSECTING ANEURYSM 
OF THE AORTA* - 


REPORT OF A CASE 
By ISRAEL STEINBERG, M.D.,] and HARRY L. STEIN, M.D.1 


NEW YORK, NEW YORK 


YNCOPE, rather than chest or back 

pain, initiated the onset of dissection of 
the aorta in a 57 year old woman. A year 
later, following another mild syncopal at- 
tack in church on a very hot summer day, 
re-examination disclosed enlargement of 
the ascending aorta which was unchanged 
over a year’s observation. A systolic mur- 
mur and thrill over the base of the heart 
radiating into the neck suggested the diag- 
nosis of aortic stenosis. For this reason, 
aortography was performed and established 
the diagnosis of chronic dissecting aneu- 
rysm of the aorta beginning at the root of 
the aorta and extending into the common 
iliac arteries. Because of the relatively 
asymptomatic status of the patient, sur- 
gical treatment was withheld. This case is 
reported in order to emphasize that aortic 
dissection may be painless, well tolerated, 
and be found incidentally. 


REPORT OF A CASE 


A 57 year old Caucasian housewife (N.Y.H. 
No. 1029141) was referred by Dr. Otto Baum 
for aortography on September 26, 1965. On 
June 1, 1964, while at the checkout counter of a 
supermarket, she suddenly lost consciousness, 
fel to the floor without injuring herself, and 
after a brief interval, revived. She had no pain 
and was able to stagger to her car in an adjacent 
parking lot. Because she felt "shaky," she was 
admitted to a hospital. She experienced only 
chilly sensations. Subsequently, she learned 
that she had normal blood pressure and a mild 
fever, which after a- few days became normal. 
Penicillin via intravenous drip was given for 3 
weeks even though blood cultures yielded no 
growth. The patient was discharged after to 


weeks and sometime later she had episodes of 
palpitation which were treated with quinidine. 
She was well until July, 1965, when she momen- 
tarily fainted. Examination and roentgen study 
of the chest led to her admission to this hos- 
pital. The patient had always been well except 
for mild hypertension which was discovered 
during a routine examination in 1960. 

Examination revealed a well developed and 
well nourished woman resting comfortably. Her 
weight was 133 pounds (60.6 kg.), height, 55 
inches. The apex of the heart was located at the 
sixth intercostal space, 2 cm. from the left mid- 
clavicular line. A basal systolic ejection (Grade 
4-6) murmur radiating to the neck and along 
both sides of the spine in back was heard. A 
systolic thrill was also felt over the left carotid 
artery. The blood pressure readings were as 
follows: right arm, 120/80; left arm, 140/70; 
right leg, 220/150; and left leg, 200/130 mm. 
Hg. The pulses were equal. The lungs were 
clear, the liver was not enlarged, and neurologic 
examination was normal. A bruit was also 
heard in the abdomen. | 

Urine and blood studies were normal except 
for urea clearance of 45 per cent of normal. 
The electrocardiogram showed normal sinus 
rhythm, rate 85 per minute, some T wave ab- 
normalities, and slighz prolongation of the QT 
interval. Roentgen examination of the heart 
showed slight enlargement of the left ventricle 
with dilatation and erlargement of the ascend- 
ing aorta (Fig. 1, 4 ard B). Percutaneous right 
transfemoral supravalvular aortography and 
abdominal aortography disclosed dissection of 
the aorta beginning above the aortic valves and 
involving the entire thoracic and abdominal 
aorta and both common iliac arteries. The 
brachiocephalic arteries were uninvolved except 
at their origins, but the renal arterial and celiac 
axis circulations appeared altered (Fig. 2, A-D; 
and 3, Zand B). 


* From the Departments of Medicine and Radiology, The New York Hospital-Cornell Medical Center, New York, New York. 
Supported by a grant from The Health Research Council of the City of New York under contract U-1648. 
f Recipient of Career Scientist Award of The Health Research Council of the City of New York under contract 1-258 and U-1648. 
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Fic. 1. (4) Frontal teleroentgenogram showing slight enlargement of the lett ventricle and moderate bulging 
of the ascending aorta (arrow). (B) Left anterior oblique esophagram showing the shghtly enlarged left 
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ventricle and prominent ascending aorta (arrow) to advantage. 


DISCUSSION 

Sudden onset of pain in the chest and 
back are classic symptoms of acute aortic 
dissection. The incidence of painless dis- 
section has been estimated from 15 per cent? 
to ss per cent. Because of sudden death, 
loss of consciousness, confusion, and dvs- 
arthria, a record of pain may not be 
obtained.’ It has been estimated that with- 
out treatment approximately 25 per cent of 
patients survive acute aortic dissection for 
more than 2 weeks, and approximately 10 
per cent live for more than 6 months. 
Recently, however, Wheat and associates? 
have pointed out that attempts at surgical 
repair in the acute stage of aortic dissection 
are often fatal. Rather than immediate 
surgical treatment,? they advocated treat- 
ment with antihypertensive drugs during 
the acute stage and surgery, only if indi- 
cated, when the patient improved. With 


this regimen survival occurred more otten. 
As further proot of the benefit of their con- 
servative treatment, thev cited the preven- 
tion of spontaneous dissection ot the aorta 
in voung turkevs when fed small doses ot 
reserpine. One of the striking achievements 
of their hvpertensive treatment was allevia- 
tion of chest pain which previously had 
required large doses of narcotics. 

Our patient was apparently normoten- 
sive when she was first hospitalized, and 
at this admission she had only minimal 
hypertension, 1 4o go mm. Hg. Perhaps the 
svncope at the onset of the aortic dissection 
masked the pain; the relative hvpotension 
tollowing it mav have prevented its recur- 
rence. Although the enlargement of the 


ascending aortic shadow at first suggested 
aortic dissection, when she was seen at this 
center, her general well being and the 


aortic systolic murmur and thrill mitigated 
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lic. 3. GA) Selective abdominal aortogram showing the double-barrelled aorta and intimal laver between 
them (upper black arrow). The right renal artery was visualized from both the false and true channels. 
Only the upper pole of the left renal artery was visualized coming from the false channel. The dissection 
extends into the common iliac arteries (lower black arrow). The celiac axis is only partially visualized Hom 
the false channel, while the superior and inferior mesenteric arteries were not opacified. (B) Abdomina 
aortogram, later in the series, showing nephrographic phase of kidneys. The lower half of the x kid ne 
is unopx icified. Again, note line of dissection (white arrow). 


in favor of the diagnosis of aortic stenosis. D; and 3, Z and B) that the true state of 
This seemed probable because there was no affairs was recognized.” 

change in the conventional roentgenogram 'The patient exhibited none of the stig- 
(lig. 1, .f and 5) during a 1 vear period. mata of the Marfan syndrome,’ and so 
It was only after aortography (Fig. 2, Æ- medial degeneration due to this disease was 


hic. 2. 4) O8 frontal selective aortogram with the catheter apparently in false channel showing the double. 
barrelled aorta. Black arrows point to the dislodged intimal layers of the ascending and descending por- 
tions of the aorta.? Note that the innominate and left common carotid arteries are dissected only at their 
origins (white arrows). (4) Biplane lateral view of 4. Note point of communication Get) between the true 
and false lumen (white arrow) and displaced linear intimal laver (black arrow). (C) OH frontal selective 
aortogram, at a later time, showing the left coronary artery originating from false channel (white arrow) 
and the intimal layer between the dissection (black arrows). (D) Biplane lateral view of C. Again, note jet 
at site of communication of dissection (white arrow). 
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discounted. Indeed, the only significant pre- 
disposing condition was the history of 
hypertension. It would appear that the 
signs of aortic stenosis were due to the 
double-barrel deformity of the dissection 
at the aortic root; the thril! and the mur- 
murs at the neck were apparently due to 
extension of the dissection to the origin of 
the great vessels causing some stenosis of 
their lumen (Fig. 2, 4—D). The bruit in the 
abdomen was apparently due to the double- 
barrelled abdominal aortic dissection for- 
mation (Fig. 3, 4 and B). 

During aortography, the catheter was 
apparently located in the false channel and, 
therefore, visualization of the aortic root 
failed to disclose both coronary arteries 
which were uninvolved in the dissection. 
The left coronary arterial circulation, par- 
tially visualized in Figure 2C, apparently 
was connected to the original channel. The 
right kidney and the upper half of the left 
kidney were seemingly fed by blood from 
the false aortic channel (Fig. 3, 4 and B). 
Failure to visualize the mesenteric arteries 
does not mean that the circulation to these 
vessels was occluded. Rather, they could 
have been fed by blood from the true aortic 
channel. For complete proof of this, per- 
cutaneous retrograde left femoral arteriog- 
raphy could have been performed in order 
to demonstrate the true lumen of the 
aorta. Since this maneuver seemed to be of 
academic interest rather than of practical 
importance, re-examination was not at- 
tempted. Despite the extension of the dis- 
section into the iliac arteries, inequalities 
of tae pulses and intermittent claudications 
of the lower legs were not present. The 
upper extremities pulses were also not 
affected, probably because the dissection 
did not extend beyond the origins of the 
great arterial vessels (Fig. 2, 4—D). 

Classically, regurgitant aortic murmurs 
are common following aortic dissection. 
Indeed, the incidence has ranged from 20 
per centi to 56 per cent.! The aortic systolic 
murmur in our patient was, therefore, 
unique, and was due to aortic deformity 
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caused by the dissection. The causes of 
pain 1n aortic dissection are not certain. 
O'Donovan et a/.5 favor the theory of Wood, 
Pendergrass, and Ostrum,? who state that 
pain is prevented by the dissecting hema- 
toma bulging the intima inward, by early 
re-entry into the aortic lumen preventing 
ischemia, and by slow dissection prevent- 
ing sudden violent distention of the ad- 
ventitia. 


SUMMARY AND CONCLUSIONS 


Painless aortic dissection involving the 
aorta from above the aortic valves extend- 
ing into the common iliac arteries was 
demonstrated in a 57 year old woman 
whose only complaint was mild syncope. 
Over a I year period, the conventional 
roentgenogram of the chest showed only 
moderate ascending aortic dilatation. This, 
together with a systolic murmur and a thrill 
at the base of the heart radiating into the 
neck, suggested aortic stenosis rather than 
dissection. Because the patient was normo- 
tensive and asymptomatic, conservative 
treatment, medical rather than surgical, 
was prescribed. This case emphasizes that 
aortic dissection may occur without pain 
and should be suspected whenever unex- 
plained cardiac murmurs and aortic dilata- 
tion develop. 


Israel Steinberg, M.D. 

Ihe New York Hospital-Cornell Medical Center 
525 East 68th Street 

New York, New York 1co21 
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UNSUSPECTED DISSECTING HEMATOMA (ANEURYSM) 
AND RIGHT CORONARY ARTERIAL OCCLUSION 
FOLLOWING OPEN-HEART MITRAL 
VALVULOTOMY* 


REPORT OF A CASE 
By ISRAEL STEINBERG, M.D.,f and HARRY L. STEIN, M.D.t 


NEW YORK, NEW YORK 


M / HEN aortic dissection (hematoma) 

follows femoral artery cannulation 
during open-heart surgery, it is usually 
fatal..?" In contrast to this, is the case 
herein reported of a woman who survived 
hemothorax, shock, and cardiac arrhyth- 
mias which followed the open-heart sur- 
gery; aortic dissection -due to femoral ar- 
terial cannulation and coronary occlusion 
were found unexpectedly 8 months later 
during left ventriculography performed in 
order to assess the degree of mitral insuf- 
ficiency. Thus, not all aortic dissections fol- 
lowing femoral arterial cannulation during 
open-heart surgery are fatal. 


REPORT OF A CASE 


A 36 year old Caucasian woman (N.Y.H. 
No. 621522) was first admitted to The New 
York Hospital on May 15, 1952, complaining of 
dyspnea on exertion of 6 months’ duration. 
Rheumatic heart disease had been diagnosed in 
1943, but she was unaware of fever, rheuma- 
tism, sore throats, or chorea. Three months 
prior to admission, in February 1952, she had 
had weakness of the left arm and leg and this 
had gradually subsided. On admission in 1952, 
the heart was enlarged, the rate was regular, and 
the blood pressure was 118/80 mm. Hg. An 
apical diastolic thrill, a crescendo presystolic 
apical murmur, and short harsh systolic and 
diastolic murmurs of mitral stenosis were heard 
over the precordium. The liver edge was palp- 
able but there was no edema of the legs. The 
electrocardiogram showed regular sinus 
rhythm, sinus brachycardia, right axis devia- 
tion, and high P waves. Cardiac catheterization 
by Dr. Daniel S. Lukas on May 16, 1952, 


showed pulmonary anc right ventricular hyper- 
tension (45/19 and 45/7 mm. Hg, respectively), 
increased pulmonary wedge pressure, and low 
cardiac indices—all of which worsened after 
exercise. The mitral orifice was calculated to be 
to em. 

Shortly after admission in 1952, she com- 
plained of pain in the left lower lateral and 
posterior chest; rales were elicited in this area 
and the roentgenogram of the chest (Fig. 1 4) 
showed parenchymal haziness with obliteration 
of the costophrenic sulcus consistent with pul- 
monary embolism and infarction. On May 29, 
1952, closed mitral valvulotomy via the left 
atrial appendage route was performed, and with 
satisfactory enlargement of the mitral orifice. 
The left atrial appendage contained mural 
thrombus and this was affirmed by histologic 
study of the excised appendage. She improved, 
and was discharged on June 12, 1952. A fol- 
low-up examination g years later, on October 6, 
1961, showed enlargement of the heart and 
pulmonary arterial system. The lungs were 
clear (Fig. 1 8). 


On September 11, 1963, 11 years later, after a 


long period of improvement, she was readmitted 


because of sudden onset of numbness, coldness, 
and purplish discoloration of the left lower ex- 
tremity. She had had bouts of palpitation dur- 
ing a period of several months and this had been 
controlled by quinidine. Rales were heard at 
the bases. The heart was irregularly irregular 
(atrial fibrillation). The second pulmonic sound 
was loud and split, and holosystolic (Grade 1) 
and diastolic (Grade 1) apical murmurs were 
elicited. There was edema (1+) of the extremi- 
ties. Cardiac catheterization on October 2, 
1963, again revealed right ventricular and pul- 
monary arterial hypertension which increased 
following exercise. The mitral valve area was 


* From the Department of Roentgenology, The New York Hospital—Cornell Medical Center, New York, New York, Aided by a 
grant from The Health Research Council of the City of New York under contract U-1648. 
f Recipient of Career Scientist Award of The Health Research Council of the City of New York under contract 1-258 and U-1648. 
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Unsuspected Dissecting Hematoma 


M 





lic. 1. Serial frontal conventional roentgenograms of the chest in severe mitral zaleular disease. (A) Veleroent 
genogram, made on May 12, 1952, showing enlargement of the heart and pulmonary artery, plethoric 
lungs, and pulmonary densities near the apex of the heart and left costophrenic sulcus. (8) Frontal chest 
roentgenogram, mide y vears later, showing clear lung fields and enlarged heart and pulmonary arterial 
system. (C) Frontal teleroentgenogram of the chest, November 9, 1963, disclosing enlargement of the 
heart and pulmonary artery. (D) Frontal teleroentgenogram, June 1964, showing fluid at right base of the 
lung. 


calculated to be 6.8 em.” and tricuspid insuff- mercurial diuretics were increased. On Novem- 
ciency was also demonstrated. A roentgenogram ber 11, 1963, open-heart mitral valvulotomv 
of the chest taken on November g, 1963, showed — was performed using a rotating disk type pump 
further enlargement of the heart (Fig. 1 C). oxygenator. Both common femoral arteries were 
She improved after the dosage of digitalis and exposed and tapes were passed about them so 
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that No. 16 plastic catheters and 5 mm. metal 
cannulas could be inserted in the proximal end 
of the vessels for return of arterialized blood 
from the artificial heart-lung machine. A soft, 
recent, fresh thrombus measuring 3.5X1X0.5 
cm. was removed from the posterior wall of the 
left atrium. The mitral orifice measured ap- 
proximately 0.8 cm.? and contained a small 
amount of calcification. The Gerbode dilator 
was used to enlarge the orifice to approxi- 
mately 3.0 cm.?. Some mitral regurgitation at 
the site of split of the posterior commissure was 
seen but the degree of insufficiency did not ap- 
pear to be significant. The total time on the 
artificial heart-lung machine was 33 minutes. 
The catheters and cannulas were removed from 
the femoral arteries which appeared normal and 
these were sutured with No. ooooo silk. 

Following surgery, atrial fibrillation, atrial 
flutter with 2:1 block, and shock (90/50 mm. 
Hg) developed. Roentgenography of the chest 
revealed left hydrothorax, and thoracentesis 
yielded 270 ml. of bloody fluid. On the following 
day, November 14, 1963, dyspnea was pro- 
nounced and 2,400 ml. of bloody fluid was 
aspirated from the left hemothorax. Further 
improvement followed transfusion and cedi- 
lanid therapy and permitted her to lie flat in 
bed. Ambulation began on the sixth day post- 
operatively, and quinidine sulfate (1.2 gm.) 
changed the atrial fibrillation to regular sinus 
rhythm. She was discharged on December 3, 
1963. 

The patient was readmitted on June 16, 1964, 
because of congestive heart failure. The neck 
veins were distended, both lung bases were dull 
and contained moist rales, the extremities were 
markedly edematous, and the liver was tender 
and enlarged 10 cm. below the right costal 
margin. The venous pressure was elevated (160 
mm. H:O), the heart was enlarged, and apical 
diastolic (Grade rv) and blowing systolic 
(Grade iz) murmurs were heard. No aortic 
valvular murmur was elicited. The rate was 100 
per minute and irregular (atrial fibrillation); 
the blood pressure was 126/80 mm. Hg. The 
roentgenogram of the chest showed enlargement 
of the heart and congestion at both bases (Fig. 
I D). The electrocardiogram showed atrial 
fibrillation with premature ventricular contrac- 
tions. 

Percutaneous transaxillary left ventriculog- 
raphy on July 20, 1964, showed moderate to 
marked mitral insufficiency and dissecting 
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hematoma (aneurysm) below the origin of the 
left subclavian artery (Fig. 2, 4 and B). Supra- 
valvular aortography disclosed mild aortic 
insufficiency and occlusion of the right coronary 
artery at its origin (Fig. 3, £ and B; and 4, 4 
and B). Following bed rest, diuretics, and re- 
adjustment of the dosages of digitalis, the 
rhythm became regular. She improved and was 
discharged on July 21, 1964. 

The patient became worse and was readmit- 
ted to the hospital in severe congestive heart 
failure on March 25, 1965. Her weight had in- 
creased from 45 to £9 kg. despite vigorous diuret- 
ic therapy. She also had developed a general- 
ized dermatitis and a lupus erythematosus test 
was positive. The electrocardiogram showed 
atrial fibrillation, atrioventricular dissociation, 
and nodal tachycardia. The rate was 140 per 
minute; the atrioventricular dissociation, nodal 
pacemaker and nodal pauses were believed to 
be due to digitalis toxicity. The changes of an 
old diaphragmatic myocardial infarction (Q 
waves in leads 2, 3, and AVF) were also present. 
The congestive failure and dermatitis improved 
after adjustment of the dosage of digitalis, and 
discontinuation of some of the diuretics. She 
was discharged on April 12, 1965, and since then 
she has attended the cardiac clinic regularly. 
Weight gain, enlargement of the liver, and con- 
siderable edema of the legs and ascites per- 
sisted. Atrial fibrillation at a rate of go per 
minute was present. 

The patient was re-admitted for heart fail- 
ure and, following improvement, was trans- 
ferred to a convalescent nursing home, where 
she died on January 31, 1966. Permission for 
postmortem examination was not given. 


DISCUSSION 


Jones e£ al. in 1960, apparently were the 
first to report fatalities in 2 patients follow- 
ing femoral arterial cannulation during 
open-heart surgery for alleviation of rheu- 
matic mitral and aortic valvular disease. 
Cooley and colleagues! described 1 death 
from dissecting aneurysm in 37 cases of 
cardiopulmonary bypass following retro- 
grade femoral arterial perfusion for left 
ventricular aneurysmectomy. Williams and 
Johnson’ reported the death of a patient 
following aortic dissection after femoral 
cannulation for prosthetic replacement of 
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bic. 2. Selectie : . (4) Frontal view showing aortic 
section below the origin of the left subclavian artery. (B) Biplane lateral showing the mitral 
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regurgitation and aortic dissection (arrow). 














lic. 3. Su pracafeular selective aortograms. (A) Lateral aortogram, made during ventricular dia howini 
mild aortic regurgitation (arrow). (B) During systole of the heart, the right coronary artery is not visibl 
the left anterior descending and circumflex coronary arteries are well visualized. 
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Fis. 4. Later coronary artertograms, (4) I 
H à S 


coronary artery opacification by retrograde flow from the opposite left coronary a 


the aortic valve. Another fatality following 
open-heart surgery and femoral arterial 
cannulation during aortic valvular replace- 
ment with a prosthesis also occurred in this 
center, and has not as vet been published. 
Elliot and Roe? reported 2 fatal cases fol- 
lowing aortic dissection. during cardio- 
pulmonary bypass. 
spelt E is EL kerth of The 
San Francisco, re- 
ue on 3 cases, 2 «of which were fatal. 
Dr. Lyman A. Brewer, HI, of Los Angeles 
also reported 2 cases with 1 death. Finally, 

Dr. Wiliam W. L. Glenn added 2 cases 
with 1 death. This suggests that the in- 
cidence of this complication 1s higher than 
hitherto assumed. 

That dissecting hematomas (aneurysms) 
may become chronic and not necessarily 
fatal is demonstrated 11 the case reported 
above and by the other cases reported from 
this center in 1951. Classically, pain in the 
chest and back is the presenting sv mptom 
of aortic dissection. O' Donovan et al. how- 
ever, reported a patient with aortic dissec- 
tion who was without pain. In the patient 


In the discussion of 


ateral coronary arteriogram of the right coronary artery opacified 
in retrograde fashion (arrow). (B) Simultaneous, biplane, off-frontal view of 4, also showing the night 


rteries. 


reported above, the lett hemothorax and 
shock following open-heart surgery was at 
first believed to be responsible for the 
thoracic discomfort. The arrhythmia was 
also attributed to the operative procedure. 
Subsequent aortographic studies demon- 
strating the right coronary arterial occlu- 
sion and aortic dissection, indicate that 
these events were prob ably largely re- 
sponsible for the postoperative arrhythmia 
and collapse. Recovery following thoracen- 
tesis and blood replacement suggests, how- 
ever, that blood loss was also a factor in the 
patient’ s shock. 

Repair of a dissecting aneurysm of the 
thoracic aorta following catheter aortog- 
raphy made via the left brachial and sub- 
clavian arterial routes was reported by 
Templeton et al.* It is conceivable that re- 
pair of an aortic dissection following 
femoral arterial cannulation during open- 
heart surgery 1s also feasible.’ Such a pro- 
cedure was contemplated following the 
diagnosis of dissecting aneurysm in the 
patient reported above, but the severe 
heart failure owing to mitral regurgitation 
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made 1t imperative that the mitral valve be 
replaced by a prosthesis. This and the 
right coronary arterial occlusion are, how- 
ever, formidable. 


SUMMARY AND CONCLUSIONS 


A dissecting hematoma (aneurysm) of 
the thoracic aorta below the left subclavian 
artery and significant occlusion of the right 
coronary artery were demonstrated in a 
woman being considered for mitral valve 
replacement following selective supra-aortic 
valvular aortography and left ventriculog- 
raphy. The femoral arteries had been can- 
nulated during open-heart mitral val. 
vulotomy 8 months earlier and may have 
been the cause of the aortic dissection since 
such complications have followed femoral 
arterial cannulation incident to open-heart 
surgery. Recovery following operation in 
our case was stormy and had been at- 
tributed to hemothorax, shock, and cardiac 
arrhythmia because she had improved fol- 
lowing blood transfusions and restoration 
to normal sinus rhythm. The coronary 
arterial occlusion and aortic dissection were 
not detected until they were revealed by 
selective aortography. Care is necessary to 
avoid aortic dissection during femoral 
arterial cannulation for open-heart surgery. 
Coronary arterial occlusion is also a hazard 
of cardiac surgery, and apparently occurs 
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when calcific plaques or thrombus are dis- 
lodged from either the valves or heart. 


Israel Steinberg, M.D. 

The New York Hospital—Cornell Medical Center 
525 East 68th Street 

New York; New York 10021 
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REFLUX AORTOGRAPHY COMBINED WITH THE 
VALSALVA MANEUVER IN THE DIAGNOSIS OF 
ABDOMINAL AORTIC ANEURYSMS* 


By MARVIN J. FRIEDENBERG, M.D., and TOM W. STAPLE, M.D. 
ST. LOUIS, MISSOURI 


NGIOGRAPHY is the most definitive 
method of diagnosing and preopera- 
tively evaluating abdominal aortic aneu- 
rysms. The purpose of the authors is to 
describe a technique of abdominal aortog- 
raphy in which use of the Valsalva ma- 
neuver is combined with retrograde injec- 
tion of contrast material through a cardio- 
vascular needle in one common femoral 

artery. 

METHOD 


Under sterile conditions and local an- 
esthesia, a 22 inch long, 15 gauge cardiovas- 
cular needle* is inserted percutaneously 
into a common femoral artery. A re-usable 
high pressure flexible nylon connecting 
tubet is attached to the needle. The tip of 
the needle is advanced up the lumen of the 
artery while a forceful and pulsating free 
flow of blood is constantly maintained in 
the connecting tube, in order to ensure 
proper positioning of the needle in the 
vessel. The connecting tube is then at- 
tached to an automatic pressure injector. f 
The patient performs the Valsalva maneu- 
ver and, immediately upon its sudden re- 
lease, go ml. of 60 per cent methylgluca- 
mine diatrizoate$ is injected in about I 
second under 7-9 kg./cm.? or 400 p.s.i. 
pressure. The needle must be held in place 
manually or with tape during the injection 
of contrast material to prevent recoil. 
Eight to 12 films are exposed in the antero- 
posterior projection at a rate of 2 per sec- 
ond, using the Schónander 14X14 inch 

* Becton, Dickinson & Company, Rutherford, New Jersey, 


Catalogue f151123. 

T Becton, Dickinson & Company, Rutherford, New Jersey, 
Catalogue f42-0024 through 42-0031. 

f Gidlund Injection Syringe, Elema-Schónander Company, 
Stockholm, Sweden; Cordis Injector, Cordis Corporation, 
Miami, Florida. 

$ E. R. Squibb & Sons, 745 Fifth Avenue, New York 25, New 
York. 


or Franklin 10X12 inch rapid changer. 
Filming is begun at the start of the in- 
jection. 


THE VALSALVA MANEUVER 


Figure I is a pressure recording ob- 
tained with a catheter in the mid-abdom- 
inal aorta while a patient performs the 
Valsalva maneuver. At the onset of strain- 
ing down against the closed glottis (arrow 
A), venous return to the lungs decreases 
and blood already in the lungs is forced into 
the systemic circulation. A temporary in- 
crease in pressure occurs in the abdominal 
aorta (arrow B). Because of the decrease 
in venous return to the lungs, however, 
cardiac output soon decreases, and this is 
reflected in a marked decrease in intra- 
aortic pressure (arrow C). Maximum re- 
duction in intra-aortic pressure usually 
does not occur until the Valsalva maneuver 
is sustained for at least 8 seconds. Im- 
mediately following sudden release of the 
Valsalva effort (arrow D), blood from the 
systemic circulation rapidly fills the pul- 
monary vascular bed, and an additional 
precipitous decrease in intra-aortic pres- 
sure occurs (arrow E). Systolic pressure in 
the aorta at this time usually is 30-50 per 
cent of resting levels. Injection of contrast 
material 1s timed to coincide precisely 
with this maximum decrease in pressure. 
The intra-aortic pressure then "rebounds" 
to slightly above resting levels (arrow F) 
and gradually returns to the preinjection 
level (arrow G). 

The patient is instructed and rehearsed 
in the performance of the Valsalva ma- 
neuver. With him straining down against 
the closed glottis, the examiner will say 
“1,2, 3, relax." Upon the command “relax” 
he suddenly releases his breath and stops 


* From the Edward Mallinckrodt Inatitute of Radiology, Washington University School of Medicine, St. Louis, Missouri. 
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85 TO 165 = 
70 90 70 55 80 75 
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Vic. 1. Pressure recording in the mid-abdominal aorta with the patient performing the Valsalva maneuver. 


At rs onset of straining down against the closed glottis (arrow A), 


the intra-aortic pressure increases and 


then gradually decreases Over a period of about 8 to To seconds. F ollowi ing sudden release of the Valsalva 


effort (arrow D), a precipitous decrease in pressure occurs during an approximately y 


2 second interval. 


Injection of contrast material is made to coincide exactly with this maximum decrease in intra-aortic 
pressure, After a slight rebound, the pressure gradually returns to normal. 


straining. He is told not to breathe or move 
thereafter until filming 1s completed. 
DISCUSSION 

The diagnosis of abdominal aortic aneu- 
rvsm frequentlv can be made by history 
and physical examination of the patient 
and the more routine abdominal roentgeno- 
graphic procedures. Aortography, how- 
ever, is useful for confirming the diagnosis 
and identifying those patients with an 
easily palpable or tortuous aorta which 
may simulate an aneurysm. We have 
examined 2 patients in whom aneurysms 


were EA because of pulsatile abdo- 
minal masses, but aortography showed 
horseshoe kidnevs and a normal aorta. 


o also is useful in defining the 
SIZE ane extent ot ee aneurysm, pee 


liac arteries. 

Each of the presently used angiographic 
techniques has undesirable features. Trans- 
lumbar aortography? often is associated 
with complications.” The Amplatz' tech- 
nique of translumbar aortography, using a 
polyethylene catheter does not Lonip level 
avoid the hazard of puncture of the wrong 
artery or the weakened wall of an aneu- 
rvsm. Use of a catheter advanced retro- 
grade into the abdominal aorta from the 


femoral artery may be difficult or impos- 
sible because of marked tortuosity and 
arteriosclerosis of the iliac arteries and the 


distal aorta. The guide or catheter may 
dislodge a thrombus or possibly rupture 


the wall of the aneurysm. Intravenous^? 
or right atrial’ aortographv has the ad- 
vantage that contrast material is injected 


ever, dilution of contrast material limits 
detailed evaluation of abdominal vessels 

Brachial or axillary aortography with or 
without a catheter® may be used, but these 
techniques involve either unnecessary 
dilution of the contrast material or the 
added risks incurred by introduction of a 

catheter. The aorta has also been opacified 


bv bilateral simultaneous pressure injec- 
tions through needles in both femoral 
arteries,? a relatively unwieldy technique 
which duplicates some effort. We have 
used the Valsalva maneuver for bilateral 
aorto-ilio-femoral arteriography with à 
manual injection. of contrast material 


through a unilateral percutaneous common 
femoral artery needle.! However, a manual 
injection may incompletely opacify a large 
aneurysm and may fail to demonstrate its 
relationship to the renal arteries and the 
uninvolved proximal aorta. 

We have performed retrograde pressure 


+ 
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Fic. 2. 


Reflux aortogram through a left common 
femoral artery needle after sudden release of the 


Valsalva maneuver. Contrast material refluxes 
into the distal thoracic aorta and opacifies the 
celiac axis, renal arteries and mesenteric arteries, 
A small abdominal aortic aneurysm is opacified. 
A stenotic segment (arrow) is demonstrated in the 
more cephalad of 2 right renal arteries. 


abdominal aortography by the technique 
described in over 100 patients without a 
complication. (Fig. 2). Although in our 
experience the Jet of contrast material 
never has dislodged an arteriosclerotic 
plaque, we recognize this theoretic possi- 
bilitv. Reflux of contrast material into the 
abdominal aorta above the aneurvsm may 
be limited by extreme tortuosity of the 
iliac arteries (Fig. 3). Nevertheless, enough 
practical information is obtained by the 
examination in these occasional patients 
to warrant its use. In some cases a large 
aneurysm may be filled with blood clot, 
except for a smooth central channel (Fig. 
4, Zand B). The roentgenographic diagno- 
sis depends upon recognition of calcific 
plaques in the intima considerably removed 
from the opacified central channel and a 
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soft tissue mass at the site of the aneurysm. 
Patients with abdominal aortic aneurysms 
often have extremely arteriosclerotic and 
tortuous iliac arteries. Reflux aortography 
using the Valsalva maneuver has the ad- 
vantage that a concentrated bolus of con- 
trast material opacifies the abdominal 
aorta without requiring the use of a wire 
guide or catheter in patients in this high- 
risk group. 


SUMMARY 


for demonstration of adominal aortic 
aneurysms is described. The technique 
combines the use of the Valsalva maneuver 
with retrograde pressure injection of con- 
trast material through a unilateral percu- 





Fic. 3. Reflux aortogram through a right common 
femoral artery needle after sudden release of the 
Valsalva maneuver, The extremely tortuous iliac 
arteries prevent reflux of contrast material into 
the aorta proximal to the aneurysm, but con- 
siderable information is obtained by the examina- 
tion. Both common iliac arteries are involved. The 
arrow indicates the left renal artery, Retrograde 
passage of a catheter through the pelvic vessels in 
this patient would have been difficult or impos- 


sible, 


Id. api 
the Valsalva maneuver. 
aneurvsm from the centrai 


2 Diagnosis of Abdominal Aneurysms 





‘4 and B) Reflux aortograms through a right common fe moral artery needle after sudden release of 
The central aortic channel i is wide but smooth in outline. Blood c 


lot fills the 


channel to the intima outlined by calcific plaques (arrows in 4). The periphera! 


margins of the aneurysm are further delineated by anteroposterior roentgenograms of the abdomen (arrows 


in B) during intravenous urography. 


taneous common femoral artery needle. It 
is particularly useful in the high-risk group 
of patients with abdominal aortic aneu- 
rvsms, many of whom have extremely 
arteriosclerotic and tortuous iliac arteries 
which make passage of wire guides and 
catheters dificult and hazardous. 


Tom W. Staple, M.D. 

The Edward Mallinckrodt Institute of Radiology 
sto South Kingshighway 

St. Louis, Missouri 63110 
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SELECTIVE VISCERAL AND TOTAL ABDOMINAL 
ARTERIOGRAPHY VIA THE LEFT AXILLARY 
ARTERY IN THE OLDER AGE GROUP* 


By KLAUS M. BRON, M.D. 


PITTSBURGH, PENNSYLVANIA 


ponti transaxilary cathe- 
terization for arteriography has recently 
received considerable attention.**7 A vari- 
ety of cardiac and neurologic lesions, par- 
ticularly those involving the ascending and 
arch portions of the aorta, have been inves- 
tigated by this route. The right axillary 
artery has been the portal of entry for most 
of these studies since anatomically this 
vessel yields ready access into the ascend- 
ing aorta. 

The left axillary artery may similarly be 
employed to investigate the descending and 
abdominal segments of the aorta. However, 
a technical problem arises in the older age 
group. Ín these patients the anatomic rela- 
tionship between the left subclavian artery 
and aortic arch causes considerable diffi- 
culty in passing a catheter into the descend- 
ing aorta (Fig. 1). Instead, in the elderly, 
the catheter 1s usually deflected into the 
ascending aorta. It is precisely though in this 
older age group, that the potential value of 
this approach 1s so useful, since this is the 
population afflicted with aortic occlusive 
disease,? aneurysms and femoral obstruc- 
tive lesions, precluding femoral artery 
catheterization and making translumbar 
aortography extremely hazardous. 

The purpose of the author is to describe 
a method which facilitates catheterization 
of the abdominal aorta from the left axil- 
lary artery when difficulty is encountered 
because of altered anatomic relationships. 
This approach permits selective arteriogra- 
phy of the branch vessels.as well as total 
aortography and a few illustrative examples 
will be presented (Fig. 6 through 12). 


TECHNIQUE 
The procedure requires the usual type of 


b o) 


AGE AGE 
0-40 YRS 50 AND UP 


Fic. 1. Ectasia of the aortic arch in the older age - 
group causes angulation between the left sub- 
clavian artery and descending aorta. Ás a result, 
catheterization of the descending aorta becomes 
technically difficult. 


catheters and spring wire guide commonly 
used for the Seldinger technique. First, a 
red Ódman-Ledin, radiopaque catheter (2.2 
mm. O.D.), approximately 65 cm. long 1s 
prepared with the tip tapered over a PE160 
guide wire. The second catheter 1s a non- 
opaque PE240 (2.42 mm. O.D.), 7o cm. in 
length, with 8 side holes, and the tip also 
tapered to fit a PE160 guide wire. This size 
tapered tip 1s also suitable for occlusion by 
a tip occluder.* The PE160 spring guide 
wire is 120 cm. in length, with a very flexi- 
ble end approximately 2.5 cm. long. 

Prior to insertion of the red catheter, its 
end is molded into a hook by dipping it into 
boiling water. An important feature of this 
hook is that the length from the apex of the 
curve to the tapered tip be approximately 
I.25 to 1.33 times the diameter of the aortic 
arch as judged on plain roentgenograms. In 
the majority of patients, this length mea- 
sures 2.8 cm. to 3.5 cm. and suffices to pre- 


* From the Department of Radiology, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania. - 
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vent the catheter tip from slipping into 
the ascending aorta during the procedure 
tds. 2. 

The red opaque catheter is introduced 
first, and functions as the exploring cathe- 
ter and when located in the abdominal 
aorta permits selective arteriography of the 
visceral branches as desired. 

The left axillary artery is punctured, 
with the left arm abducted and the left 
hand comfortably placed under the pa- 
tient's head. The elbow is then so adjusted 


as to palpate the axillary pulse. The 
artery is punctured just under the pectoral 


fold, Kd MAN high in the axilla, using 
the Seldinger technique with a PEr6o 
needle and guide wire. Image intensifica- 
tion 1s necessary to follow the guide wire 
through the axillary and subclavian arteries 
into the aortic arch. Occasionally, the guide 
wire 1s deflected into the long thoracic in- 
stead of the axillary artery. This is easily 
corrected by withdrawing the guide wire 
into the puncture needle and gently angu- 
lating the needle hub caudad and advanc- 
ing the guide wire. The guide wire may also 
enter the left vertebral artery instead of 
passing down the subclavian artery into the 
aortic arch. Sometimes, simply torquing 
the guide wire 

catheter with its hooked 
this difficulty is quickly 


not, when the red 
end 1s inserted, 








The red opaque catheter 1s shaped into a 
U-type hook. The distance from the apex of the 
hook to tapered tip should measure approximately 
2.8 to 3.5 cm. (arrows on ruler) depending on the 
aortic arch diameter. 


lic. 2. 


Visceral and Total Abdominal Arteriography 


will correct this problem. It 





Mic, 3. Step 
is inserted over the guide wire (solid line) and 


1. The red opaque catheter (stippled) 


enters the ascending aorta. Step 2. The guide wire 
is withdrawn into the catheter, allowing the pre- 
sh: iped hooked end to re-form in the aortic arch. 
The tip of the catheter points posteriorly with the 
patient in the right posterior oblique position, 


resolved and the guide wire directed into 
the aortic arch. 

If no difficulty has been encountered in 
entering the aortic arch with the guide wire 
and it is noted that the wire enters the 
descending aorta, then either the red 
opaque or PE240 catheter may be inserted. 
This depends on w whether selective or total 
arteriography is indicated. 

If instead, the guide wire enters the 
ascending aorta as most frequently occurs 
in the older age group, then the previously 
PN red opaque catheter 1s inserted (Fig. 
3). The wire is partially withdrawn so that 


the hooked end of the red catheter is re- 
formed in the aortic arch. The patient is 


then turned into the right posterior oblique 
position, a maneuver which opens the aortic 
arch curvature. The catheter tip 1s pointed 
posteriorly and the guide gently re-inserted. 
Insertion of the guide wire controls the 
curvature of the hooked end of the catheter 
because the spring wire with its solid inner 
core (except for the distal 2.5 em.) 1s a 
than the catheter. Thus, by pushing on the 
guide wire and holding the catheter in che e 
(Fig. 4), the hooked end assumes an ever 
widening arc directing the guide into the 
descending aorta. When the guide wire tip 
reaches the level of the diaphragm, both the 
catheter and wire are pushed forward simul- 
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lic. 4. Step 3. The guide wire controls the shape of 
the hooked end of the catheter. Bv gently insert- 
ing the guide wire and holding the catheter in 
place, the catheter straightens out. Step 4. The 
guide wire has been directed into the descending 
aorta, by the catheter, which has opened up in an 


ever widening arc. (Dotted lines represent succes- 
sive positions 1n the widening arc.) 


$ 





taneously (Fig. $). As the catheter reaches 
the midabdominal aortic level, the wire is 
gradually withdrawn. This causes re-forma- 
tion of the curved end, and facilitates se- 
lective catheterization of the visceral 
branches. 

The curved end is also helpful in avoiding 
selective catheterization of the visceral 
arteries when only femoral arteriography is 
indicated. There appears to be a natural 
tendency for the guide wire to enter one of 


5 6 





Fic. $. Step c. When the guide wire tip reaches the 
level of the diaphragm, the catheter and guide 
wire are advanced together, Step 6. The guide 
wire is withdrawn when the catheter tip reaches 
the desired position in the abdominal aorta or 
enters the particular visceral vessel selectively 
catheterized. 


Klaus M. Bron 
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the visceral branches. By withdrawing the 
guide and re-forming the curved end in the 
abdominal aorta, the catheter easily slips 
bv the visceral branch artery orifices. 


ter with side holes replaces the red opaque 
catheter. This is accomplished by inserting 
the guide wire into the red catheter and 
maintaining the wire tip distal to the renal 
artery level while withdrawing the red 
catheter. This maneuver requires that the 
wire tip be observed under image intensifi- 
cation as the catheter is withdrawn. After 
complete withdrawal of the red catheter, 
the PE240 with side holes is inserted over 
the guide wire. Again the position of the 
wire tip is observed and it is necessary that 
the wire be gently withdrawn as the cathe- 
ter is advanced, in order to maintain the 
position of the guide wire at the desired 
level. This maneuver is simply the reverse 





Fic. 6. A percutaneous left axillary aortogram in a 


£2 vear old male with mild hypertension, minimal 
symptoms of claudication and absent femoral and 
leg pulses. Note the aortic occlusion and bilateral 
renal artery stenosis. The viscero-svstemic col. 
lateral circulation 1s from the superior mesenteric 
artery via the dilated and tortuous middle colic 
artery (arrow head) and left colic artery (short 
arrow), 
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lic. 8. À percutaneous left axillary aortogram in a 

sz vear old man with abdominal pain and a 
pulsatile mass. The fusiform shaped thoraco- 
abdominal aneurysm with its irregular contour 1s 


outlined. The left renal artery (arrow) appeared 
normal as did the right. 





Fic. 7. Selective celiac arteriogram in a 44 year old 
premenopausal woman with hypertension, absent 
lower limb pulses, but no peripheral vascular or 
gastrointestinal symptoms. The celiac arteriogram 
demonstrates the partial celiac stenosis and col- 
lateral circulation via the pancreatic arcade vessels 
(thin arrows) to the occluded superior mesenteric 
artery (thick arrow). In addition, there was aortic 
occlusion at the renal artery level, with bilateral 
renal artery stenosis. 
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Fic. 9. A 64 year old, severely diabetic man with 
hypertension and severe bilateral lower limb 
claudication. The left common iliac artery is 
occluded and the left renal artery (arrow) 1s 
stenosed. The severe atherosclerosis 1s manifested 
by the changes apparent in the aorta and right 
iliac vessels. Note the absence of lumbar arteries 


due to involvement of their ostia by this process. 
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of when the red catheter is withdrawn and 
the guide wire maintained in place. When 
both the PE240 catheter and guide wire are 
tip to tip, the PE240 is at the correct level. 
The difference in length between the cath- 
eter and guide wire is measured before 
introduction of either the wire or catheter 
into the artery, and this measurement de- 
termines when both are tip to tip after 
insertion. The tip occluder is inserted after 
the guide wire is withdrawn and the PE240 
catheter positioned at the desired level. 





Fig. to, A percutaneous left axillary femoral arterio- 
gram in à §6 year old man with a long history of 
peripheral vascular symptoms and previous bi- 
lateral aorto-common femoral bypass grafts. The 
left graft is occluded and note the diffuse stenosis 
of the left common, internal and external iliac 
arteries. The right bypass graft (thin arrow) re- 
mains patent. The superior hemorrhoidal artery 
(thick arrow) is dilated and serves as a collateral 
channel. 





Frs. 12. The late arterial phase of a percutaneous left 


axillary femoral arteriogram in a 49 year old 
woman with left leg claudication. The left common 
iliac artery is occluded. Collateral circulation from 
the lumbar, middle sacral and presacral areas re- 
constitutes the left internal and external (arrow) 
iliac arteries. The right side 


is normal, 





Fic. 11. Selective left internal iliac arteriogram in a tortuous collateral channels that supply a large 
£3 year old man with a traumatic aneurysm of the calcified vascular chamber (arrow heads) in the 
right external iliac artery. The dilated left internal right pelvis. The contrast filled bladder is dis. 
hac artery (thin arrow) provides innumerable placed to the left. 

e 
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COMMENT 


The difficulty of entering the descending 
aorta from the left axillary artery in the 
older age group has been pointed out by 
Bosniak.! With age, the aorta elongates, 
altering the angle between the left sub- 
clavian artery and the aorta, causing a 
catheter to enter the ascending rather than 
the descending aorta. He concluded that in 
Ioo per cent of patients over the age of 5o 
and in 50 per cent between 40-50 years, 
this altered relationship prevailed. Riley 
et al. described a double catheter technique 
whereby one catheter is advanced through 
another in order to solve this problem of 
catheterization. They report only on total 
aortography by their technique and make 
no mention of its usefulness for selective 
visceral arteriography. 

We began using the described technique 
in March, 1964, and since that time have 
successfully catheterized the abdominal 
aorta in more than 85 patients by this ap- 
proach. There have been no failures in this 
group despite the fact that, in the majority 
of these patients, the guide wire was ini- 
tially deflected into the ascending aorta. 


COMPLICATIONS 


No serious complications have been 
encountered as a result of this replacement 
procedure. Initially, the patients complain 
of tingling in their finger tips and a degree 
of motor weakness occurs, depending upon 
the success of the local brachia] anesthesia. 
On follow-up, no cases of permanent motor 
weakness have been recorded. The fre- 
quency and degree of hematoma formation 
at this site is no different than that encoun- 
tered from routine percutaneous catheter- 
ization elsewhere. No hematoma formation 
occurs when the PE2,40 catheter replaces 
the red Ódman-Ledin catheter, because the 
former has a larger outer diameter than the 
latter. So far, we have encountered no cases 
of acute or gradual thrombosis resulting 
from this procedure. 
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SUMMARY 


A technique of percutaneous catheteriza- 
tion from the left axillary artery of the 
abdominal aorta and its branches, in the 
older age group, is presented. This modifi- 
cation is necessary because of the altered 
relationship between the left subclavian 
artery and the descending aorta with ad- 
vancing age. The ease of performance and 
lack of serious complications recommend 
this procedure for investigating thoracic 
and abdominal aortic lesions when the 
femoral route is unavailable. 


Department of Radiology 

University of Pittsburgh School of Medicine 
Presbyterian-University Hospital 
Pittsburgh, Pennsylvania 15213 
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ABERRANT RIGHT SUBCLAVIAN ARTERY* 
CLINICAL AND ROENTGENOLOGIC ASPECTS 


By ADRIANUS C. KLINKHAMER 


AMSTERDAM, HOLLAND 


N ABERRANT rght subclavian ar- 
tery arises as the last brachiocephalic 
branch of the aorta. It crosses the medi- 
astinum obliquely from below and the left 
upward and to the right, reaching the 
right half of the body (Fig. 1, 4 and B). 

This paper is based on a series of 5o 
cases in which an aberrant right subclavian 
artery was diagnosed roentgenologically. 
The literature has been reviewed from 
1763 to 1962. From 76 publications, 292 
necropsy and surgical cases have been 
collected. Publications in which the origin 
of the other brachiocephalic branches was 
not described have been excluded. Three 
personal observations were verified at 
surgery and are added. 

The purposes of the author is: (1) To 
show that an aberrant right subclavian 
artery occasionally is of real clinical signifi- 
cance. It can produce tracheo-esophageal 
compression in the same way that vascular 
rings do. (2) To provide an answer to the 
question of why and when an aberrant 
right subclavian artery gives rise to clinical 
manifestations. Ín our opinion, it 1s 1m- 
portant to emphasize these points, since it 
was recently stated by Beabout e£ al.* that: 
“The role an aberrant right subclavian 
artery has in the production of dysphagia 
in adults or feeding problems and other 
symptoms in infancy is greatly overrated. 
It is doubtful that this 1solated anomaly 
ever produces significant dysphagia.” (3) 
To stress some roentgenologic aspects from 
the diagnostic point of view. 


ANATOMIC ASPECTS 


In most instances, the aberrant right 
subclavian artery -stems from the dorsal 
margin of the aortic arch, its origin being 
between the bend of the top of the arch 


and the point where the arch lies against 
the vertebral column.” In a few cases, 
the aberrant artery originates from the 
descending aorta.: The proximal part 
of the artery is generally greater in diam- 
eter than the distal part.195$29/5 In nearly 
all cases, the aberrant right subclavian 
artery passes through the mediastinum 
behind the esophagus; on very rare occa- 
sions, it passes between the esophagus and 
trachea.** Publications describing a pre- 
tracheal course of the aberrant vessel are 
not very convincing.*?5 

In 85 of the 295 cases (29 per cent) col- 
lected from the literature and from personal 
observation, the aberrant right subclavian 
artery was found to be associated with a 
common origin of the right and left carotid 
arteries, the bicarotid truncus. Ín 31 cases 
(10 per cent), the 2 carotid arterles were 
situated closer to each other than normally, 
although they were still separated. In 179 
cases (60 per cent), a normal origin of the 
carotid arteries was reported. In our opin- 
ion, it is this abnormal origin of the carotid 
arteries, combined with the aberrant right 
subclavian artery, that provides an ex- 
planation for the clinical manifestations 
produced by this aberrant vessel (see clini- 
cal aspects). 


CLINICAL ASPECTS 


The term “dysphagia lusoria" or diff- 
culty in swallowing due to a trick of nature 
(aberrant artery) was introduced by Bay- 
ford? in 1787. Hamburger? and Hyrtl* 
were among the first to deny a relationship 
between dysphagia and an aberrant right 
subclavian artery. Hamburger proposed to 
change the term of dysphagia lusoria to 
"dysphagia illusoria." In the literature of 
more recent date, however, dysphagia due 


* From the Department of Radiology, Onze Lieve Vrouwe Gasthuis, Amsterdam, Holland. 
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Fic. 1. Diagrammatic representation of the aberrant right subclavian artery. (4) Normal origin of the 
carotid arteries. Trachea and esophagus can shift forward by using the space between the two carotid 
arteries. (B) Common origin of the carotid arteries: bicarotid truncus. The V in front of the trachea pre- 
vents the trachea and esophagus from bending forward. Both organs are hemmed in, dorsally by the 
aberrant right subclavian artery and ventrally by the carotid fork. Ao aorta; PA — pulmonary artery; 
DA - ductus arteriosus; RC — right carotid artery; LC — left carotid artery; LS —left subclavian artery; 
ARS «aberrant right subclavian artery; BcTr=bicarotid truncus. 


to the aberrant vessel has been reported 
frequently. 9:4.15.17,25,25,29,35,7 On the other 
hand, Beabout eż a4 stated that “it 1s 
doubtful that this isolated anomalv ever 
produces significant dysphagia.” Of great 
importance, although less widely known, 
is the fact that, particularly in childhood, 
an aberrant right subclavian artery can 
cause serious respiratory symptoms, with- 
out the presence of dysphagia. In children, 
tracheo-esophageal compression manifests 
itself by respiratory symptoms. In adults, 
the trachea is more rigid and, therefore, 
more resistant to compression. Here dys- 
phagia is the principal complaint.*:? 75 
This applies to both, compression produced 
by vascular rings and that produced by an 
aberrant right subclavian artery. 

In 9 of our ṣo cases, signs of tracheo- 
esophageal compression were found. Two 
children had serious respiratory symptoms, 
necessitating surgical intervention in one 
child. The remaining 7 patients, all adults, 


had a history of dysphagia. 

Ever since the nineteenth century, one 
repeatedly encounters the question. why 
and when do these anomalies give rise to 
clinical manifestations. 7731 An artery 
pressing on the esophagus from behind is 
not in itself a sufficient explanation for the 
occurrence of compression. Patients having 
verv large arteries retro-esophageallv, as 
found in some types of right-sided aortic 
arch, have been noted to have no respira- 
tory distress or dysphagia. It is our belief 
that these symptoms arise onlv if the flexi- 
ble trachea and esophagus are hindered 
from being bent forward at the crossing 
with the retro-esophageal vessel. This can 
occur when the right and left carotid ar- 
teries arise together or close to each other 
from the aortic arch (Fig. 1, -Z and B). 
Normally, the innominate artery and 
the left carotid artery originate from the 
arch at a distance of about 4 cm. from each 
other. The arch hes obliquely in the chest 
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and curves from the front and the right 


backward and to the left. Accordingly, the 
proximal part of the innominate artery 
lies more ventrally than the proximal part 
of the left carotid artery. If an aberrant 
right subclavian artery is present, the 
trachea and the esophagus can escape com- 
pression, exerted by the retro-esophageal 
vessel being bent forward. In this situation, 
the space between the 2 carotid arteries 1s 
utilized (Fig. 14). If the right and left 
carotid arteries arise together or in close 
proximity (Fig. 12), then their proximal 
parts lie in the same frontal plane, forming 
a V configuration in front of the trachea. 
It is this fork which prevents the trachea 
and the esophagus from being bent for- 
ward. The esophagus and the trachea are 
hemmed in, dorsally by the aberrant right 
subclavian artery and ventrally by the 2 
carotid arteries. The result is not only im- 
pression, but also compression of both or- 
gans. The case below is an illustrative 
example of such an instance. 


M.v.M., No. go1go. One month after birth 
on September 16, 1956, this girl was hospital- 
ized because of choking spells and a stridor that 
could be heard from a distance. During 4 
months of hospitalization, the child suffered 
from frequent relapsing infections of the respir- 
atory tract. No cause could be found. She was 
re-admitted 4 times thereafter because of 
persistent stridor, recurrent lung infections and 
lack of growth. Not until 2 years after the first 
admission were studies of the esophagus done. 
The esophagrams showed the typical picture of 
an aberrant right subclavian artery. An opera- 
tion revealed a normal aortic arch. The most 
proximal branch was a short, thick stem, which 
split into 2 branches—the 2 carotid arteries. 
They formed a V configuration in front of the 
trachea. The right subclavian artery passed 
behind the esophagus. The trachea and the 
esophagus were fixed between these arteries. 


Our conception about the cause of com- 
pression is not based on this single observa- 
tion alone. From 76 publications we col- 
lected 292 cases found in the literature. A 
bicarotid truncus or a close origin of the 
carotid arteries was found in 116 cases 
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(39 per cent). Only in these cases were 
symptoms and signs of tracheo-esophageal 
compression noted. 

We feel that the combination of an 
aberrant right subclavian artery and an 
abnormal origin of the carotid arteries is a 
conditio sine qua non for the occurrence of 
compression. Undoubtedly, many of these 
cases will not produce clinical manifesta- 
tions. This is due to the fact that compres- 
sion only occurs if: (1) the common or 
close origin of the carotid arteries is such 
that antetior evasion of the trachea is 
prevented, and (2) the space around the 
trachea and esophagus is narrow enough 
to prevent an escape from compression in 
any direction. 

Bailey, Ekström,” and Gross! be- 
lieve that the respiratory distress is caused 
by aspiration as a consequence of the 
dysphagia. In our opinion, respiratory dis- 
tress occurs because the trachea is also 
enclosed and compressed. This is supported 
by several observations of Bailey and 
Gross. Thus, Gross" describes the histories 
of g young patients with serious respiratory 
distress. At operation, the innominate ar- 
tery was found to arise from the arch too 
far to the left and to compress the trachea. 
By lifting the artery from the trachea, 
dramatic improvement resulted. Five other 
patients with the same complaint were 
found to have the left carotid artery arising 
from the arch farther to the right than 
normally. In these cases also, fixation of 
the artery to the sternum led to good re- 
sults. 
=- Bailey reported a case in which the in- 
nominate artery and the left carotid artery 
originated together .from a large truncus. 
The carotid arteries passed upward on 
each side of the trachea, which was wedged 
and compressed between the two arteries. 

Obviously, if variations in the origin of 
the carotid arteries can lead to compression 
of the trachea on their own, this compres- 
sion is enhanced if, along with it, the 


esophagus is impressed from behind by a 


retro-esophageal right subclavian artery. 





Fic. 2. Esophagrams showing 
an aberrant right subclavian 
artery. (4) Right anterior 
oblique esophagram showing 
a spiral-shaped impression 
on the contrast-filled esopha- 
gus. (B)  Posteroanterior 
esophagram revealing obli- 
que filling defect which 
extends from below and the 
left upward and to the right. 
(C) Left anterior oblique 


esophagram showing a 


" 

















* * 


wedge-shaped impression on 
the posterior aspect of the 
esophagus. 








Posteroanterior esophagram showing in- 


PIG. X 
dentations produced by the aberrant right sub- 


clavian artery (a), the aortic arch (b), and the 
left main bronchus (c). 


ROENTGENOLOGIC ASPECTS 

The posteroanterior esophagram (Fig. 
28) demonstrates, at the level of the aortic 
arch or just above it, an oblique filling de- 
fect in the contrast-hlled esophagus, ex- 
tending from below and the left upward and 
to the right.9:3?:3* The parts of the esopha- 
gus lying orally and aborally to the defect 
are simultaneously displaced in the sense ot 
a dislocatio ad latum in a bone fracture 
("fracture avec chevanchement,' ^ “devia- 
zione a baionetta’), In the right anterior 
oblique esophagram (Fig. 2.7), the esopha- 
gus Is seen to turn upward, like a spiral, 
just above the aortic arch. In the left an- 
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terior oblique projection (Fig. 2C) and in 
the lateral view, a wedge-shaped impression 
on the dorsal aspect of the contrast-filled 
esophagus mav be noted. 

The left anterior oblique projection of the 
esophagus is best for differentiating be- 
tween an indentation due to an aberrant 
right subclavian arterv and an indentation 
produced by the left main bronchus. This 
applies particularly in young children, in 
whom the aortic arch cannot alwavs be 
visualized. 

In some instances, the impressions of the 
left main bronchus, the aortic arch and the 
aberrant artery can be distinguished very 
clearly (Fig. 3). However, the origin of the 
aberrant artery can lie more caudally (see 
anatomic aspects) and in these cases, the 
indentation of the aberrant vessel in the 
posteroanterior esophagram is seen on level 
with the bifurcation of the trachea. If the 
patient is placed in the right anterior 
oblique position, the lett main bronchus and 
the aberrant artery are projected as ex- 
tensions of each other. An esophagram in 
this position shows the translucency of the 
left main bronchus terminating in an in- 
dentation in the esophagus (Fig. 4.7). In 
the left anterior oblique position, the left 
main bronchus and the aberrant vessel are 
well separated, allowing clear identification 
of the wedge-shaped indentation due to an 
aberrant right subclavian artery lying 
higher than the translucency produced by 
the left main bronchus (Fig. 48). 

In 12 of the 47 cases in which esopha- 
grams were made in both oblique views, 
the left anterior oblique esophagram al- 
lowed the conclusion that the impression 
was caused by an aberrant right subclavian 
artery. 

In elderly patients, the oblique esopha- 
grams do not show convincingly the pres- 
ence of the aberrant right subclavian ar- 
tery; the marked indentations of the aortic 
arch on the barium-filled esophagus mask 
the characteristic picture (Fig. 5, £, B and 
C). The posteroanterior esophagram may 
prove of greater value. In this view, there is 
a definite indentation at the level of the 
crossing (aberrant vessel and esophagus). 
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lic. 4. Differentiating points between an impression due to an aberrant right subclavian artery and one 
produced by the left main bronchus. (4) Right anterior oblique esophagram. The translucency of the left 


^ 


that the indentation is produced by the aberrant right subclavian artery. The translucency of the left 


main bronchus («—) is situated far more inferiorly. 


Between this incentation and the shadow 
of the aortic arch, a curved space may be 
visible, identifying the aberrant arterv. 

Figure 6, a lateral esophagram of the 2 
vear old patiert here reported, shows 
tracheo-esophageal compression produced 
bv the aberrant artery. In the posterior 
margin of the esophagus, a wedge-shaped 
indentation is visible. At the level of this 
indentation, the esophagus does not bend 
forward but continues downward in a 
straight line. The trachea lies close to the 
anterior wall of the esophagus and, likewise, 
does not bend forward at the indentation 
in the dorsal margin of the esophagus. The 
anterior border of the trachea 1s flattened 
by the fork formed by the carotid arteries. 
This was confirmed at operation. 


SUMMARY 


An aberrant right subclavian artery can 
occasionally give rise to clinical manifesta- 
tions. Dysphagia as a symptom has long 
been known; however, in children, serious 
respiratory distress may occur, even in the 
absence of dysphagia. 

The retro-esophageal course of the right 
subclavian artery does not in itself account 
satisfactorily for the tracheo-esophageal 
compression, which can only oceur if the 
carotid arteries present a common origin 
from the aortic arch or 1f they are in close 
approximation. This belief is based on a 
personal observation as well as a review of 
292 necropsy and surgical cases, collected 
from 76 publications in the literature. 

The diagnosis was made from the esopha- 
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Fic. $. Esophagrams showing 


an aberrant right subclavian 
artery in elderly patients. (Æ 
and C) Oblique esophagrams do 
not show convincingly the 
presence of an aberrant right 
subclavian artery. The char- 
acteristic impressions are 
masked by the marked impres- 
sions produced by the promi. 
nent aortic arch. (5) Postero. 
anterior esophagram revealing 
the aberrant vessel. At the 
level of crossing (aberrant 
artery and esophagus), there is 
a strong indentation. Between 
this indentation and the shadow 
of the aortic arch, a curved 
space is visible, which identifies 
the aberrant artery. 
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grams in 50 cases. Clinical signs of tracheo- 
esoph ageal compression were found in 9. 
Two children presented with respiratory 
distress, necessitating surgical intervention 
in one of them. Dvsphagia was noted tn 7 
cases, all adults. 

The indentations in the barium-filled 
esophagus caused by the aberrant vessel 
are discussed. Attention is drawn to the 
importance of the left anterior oblique 
esophagram for distinguishing a filling de- 
fect caused bv an aberrant right subclavian 
artery from one produced by the left main 
bronchus. In elderlv patients, the postero- 
anterior esophagram is of greater value in 
establishing the diagnosis 


The roentgenologic characteristics of 


tracheo-esophageal compression. produced 
bv the aberrant vessel are demonstrated in 
the lateral esophagram (Fig. 6) of a 2 vear 
old girl who was operated upon because of 
serious respiratory distress. 


Onze Lieve Vrouwe Gasthuis 
te Oosterparkstraat 179 
Amsterdam, Holland 
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TWO UNUSUAL CASES OF SUBCLAVIAN 
SIEAL SYNDROME* 


BILATERAL STEAL AND STEAL SECONDARY TO TUMOR THROMBUS 
By O. F. AGEE, M.D.f 


GAINESVILLE, FLORIDA 


I^ A 1961 New England Journal of Medi- 
cine editorial,! there was coined the term 
“subclavian steal" to describe the condition 
where circulation to an arm is maintained 
around a proximal subclavian artery occlu- 
sion by way of collateral channels (usually 
vertebral), thus “stealing?” blood which 
normally might have supplied intracranial 
structures. Since then, numerous cases have 
been reported and most of the usual as well 
as the less common routes of collateral flow 
postulated by anatomists have been sub- 
stantiated clinically.t:?101 

The cases reported here are unusual ex- 
amples of this syndrome. One case, pos- 
sibly an example of Takayasu’s syndrome 
as well, is unusual in the multiplicity of ob- 
structions and pathways of collateral flow, 
while the other, caused by partial obstruc- 
tion of the subclavian artery by tumor 
thrombus, represents a rare and heretofore 
unreported cause for the steal syndrome. 


REPORT OF CASES 


Case 1. A 65 year old retired female school 
teacher who had smoked heavily for 30 years 
gave a history of 5 months of impaired vision 
and pain in the right eye which had increased in 
severity over the 6 week period preceding ad- 
mission. The visual disturbances were accom- 
panied by lacrimation, swelling of the right 
periorbital tissues, diplopia, and blurred vision, 
although the latter had been largely corrected 
by modification of her spectacles. On the basis 
of a diagnosis of pseudotumor of the orbit, 
steroid therapy was instituted, followed by 
some relief of symptoms. Quite possibly, how- 
ever, the visual difficulties were partly a result 
of the severe vascular disease presently to be 
described. 

The patient also recalled that for several 
years her arms had tired quickly when they 


were raised above the horizontal, and that 
occasionally her fingers tingled or were numb. 
She remembered too that for 40 years physi- 
cians had told her that the blood pressure in her 
arms was low (80 mm. Hg systolic). The family 
history was not significant. 

On physical examination, there were found 
slight right sided proptosis and periorbital 
edema. Presystolic bruits could be heard over 
the posterior part of the neck from the occiput 
to C7, in both supraclavicular areas, over both 
orbits (particularly left), the abdominal aorta, 
and over both femoral areas. In the arms blood 
pressure was 80/60, in the legs 250/70. There 
was minimal swelling in the interphalangeal 
joints thought to represent rheumatoid arthri- 
tis; reflexes were normal. 

Serum cholesterol levels, serologic tests for 
syphilis, multiple lupus erythematosus prepara- 
tions and rheumatoid agglutinins were normal. 
Corrected sedimentation rates averaged Io 
mm., and serum protein was 5.9 gm. per cent 
with a normal electrophoretic distribution. A 
right temporal artery biopsy was normal. 

Skull roentgenograms, including orbital 
views, were normal. Arch aortography was per- 
formed, with right femoral catheter approach, 
and bilateral subclavian obstruction was found, 
with poor filling of both carotid arteries (not 
shown). No internal mammary or intercostal 
collaterals were present. Subsequently, bilateral 
percutaneous carotid arteriograms were made 
(Fig. 1 through 4, inclusive; routes of blood 
flow are shown better in the accompanying 
drawings than in reproductions of the roent- 
genograms themselves, so only the initial roent- 
genogram of each series is included). Space 
prohibits inclusion of all of the pertinent roent- 
genograms, but on those showing the intra- 
cranial circulation, it was apparent that the left 
external carotid through its ophthalmic and 
vertebral anastomoses carried the bulk of blood 
to both sides of the brain. The small right 
ophthalmic and right internal carotid arteries 


* From the Department of Radiology, University of Florida Teaching Hospital and Clinics, Gainesville, Florida. 
T Assistant Professor, University of Florida Teaching Hospital and Clinics, Gainesville, Florida. 
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carried little blood, and the right vertebral 
artery contributed a lesser amount. 

Surgical correction was deemed impractical. 
The patient was discharged with instructions to 
take analgesics and discontinue smoking, and 
periodically has been retreated with steroids. 


Comment. In this one patient, therefore, 
there are utilized virtually all of the pos- 
sible collateral routes in the neck for prox- 
imal subclavian obstruction. The abnormal 
carotid circulation explains the failure of 
the circle of Willis to furnish a substantial 
collateral route for downward flow into the 
arms and bilaterality explains nonutiliza- 
tion of the internal mammary arteries; but 
the failure to use the intercostal arteries 
cannot be explained. Undoubtedly, the 
longstanding nature of this patient's occlu- 
sive disease, allowing time for development 
of adequate collaterals, accounts for her 
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rather striking lack of symptoms. In spite 
of the atypically long clinical course and 
site of some of the areas of occlusion (caro- 
tid arteries), 1t seems probable that this is a 
case of Takayasu's syndrome, and the 
otherwise inexplicable uniform diminution 
in caliber of the right internal carotid 
artery, a generalized smooth narrowing, is 
compatible with previous reports of the 
roentgenographic features of that disease.? 
To the best of my knowledge, this is the 
fifth case of the bilateral steal syndrome to 
be roentgenographically documented? * 5:1? 
and the second case of Takayasu's syn- 
drome with accompanying steal.9 (There 
are several other cases in the literature, 
some reported before identification of the 
subclavian steal as an entity, which might 
be other examples of a "double steal," but 
they were either not recognized as such or 


Fro. 1. (4) Right carotid arteriogram, lateral view. For details see drawing in B. 
(B) One second following onset of injection of contrast material through a needle (N). The right common 


carotid artery (1), arising from the innominate artery proximal to the point of obstruction, receives 
blood in the normal manner. Its internal branch (3) is of abnormally small caliber. The external carotid 
artery (2) is enlarged because it must supply an abnormal amount of blood to the internal maxillary 
artery (17), superior thyroidal artery (6), the prevertebral branch of the ascending pharyngeal artery 
(16), and to the descending cervical and muscular branches (5) of the occipital artery (4). There is faint 
opacification of the right inferior thyroidal (7), left inferior thyroidal (9), ascending cervical branch of the 
right inferior thyroidal (8), right deep cervical (13), ascending cervical branch of the transverse cervical 
(14), and the right vertebral (12) arteries. 

(C) One second later than B. Blood delivered from the occipital artery into the vertebral artery flows 
bidirectionally in that vessel. The upward flow through the cranial portion of the vertebral artery (12) 
has filled the basilar artery (18) and its intracranial branches, but the downward flow as yet has progressed 
only to approximately C3. The lower cervical anastomotic vessels (7, 8, 9, 13, 14) are better seen, being 
filled with blood flowing in reversed direction from above downward. Another segment of the vertebral 
artery (12) at approximately C6 has filled. 

(D) One second later than C. Almost the entire vertebral artery (12) has filled by flow retrograde from 
above. (Its communication with the subclavian artery is shown in Figure 2D.) 
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Fic. 2. (4) Right carotid arteriogram, frontal view. For details see drawing in B. 

(B) Approximately the same timing as in Figure 18. Common carotid (1), external carotid (2), internal 
carotid (3), occipital (4), descending and muscular branches of the occipital (5), and superior thyroidal 
(6) arteries have filled in normal fashion. The ascending cervical branch of the right inferior thyroidal 
artery (8), both inferior thyroidal arteries (7, 9), and both subclavian arteries (10, 11) (distal to the two 
points of obstruction) now are receiving blood frorn above. 

(C) Approximately same timing as in Figure 1C. Blood from the descending cervical and muscular 
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had insufficient roentgenographic or hemo- 
dynamic flow pattern explanation to be 
richided.)*9 5918 


CasE H. Á 46 year old business man and 
former aviator experienced 3 transient epi- 
sodes of left eye blindness and occasional slurr- 
ing of speech with inability to perform simple 
computations during the month before admis- 
sion. The patient aptly described his cerebral 
hypoxia as similar to the experience of "flying at 
a high altitude.” 

Neurologic examination was normal except 
for markedly diminished pulsation of the left 
carotid artery and diminished blood pressure in 
the left arm (left 120/9o—right 152/92). 

Skull and chest roentgenograms were normal. 
Right retrograde brachial arteriograms (Fig. 5, 
A, B and C) demonstrated a left subclavian 
steal syndrome. Subsequently, an arch aorto- 
gram (right femoral catheter approach) was 
made, showing partial occlusion of the left 
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subclavian artery and complete occlusion of the 
left carotid artery at its orifice (not shown). 
The catheter was then positioned with its tip 
in the left subclavian artery, and two additional 
series of roentgenograms were made (Fig. 6, 
A and B). 

At surgery 6 days later, the left common 
carotid artery was found to be a fibrous cord, 
unsuitable for repair or bypass, and the parti- 
ally obstructed portion of the left subclavian 
artery was resected and replaced by a teflon 
graft. Pathologic examination of the vessel 
showed the block to consist of organizing 
thrombus containing tumor cells of undeter- 
mined origin. 

Exhaustive investigation failed to show the 
source of neoplasm. The patient was discharged 
in a relatively asymptomatic state, his graft 
functioning well. 

Three months later a destructive lesion de- 
veloped in the mandible, which on biopsy 
proved to be an undifferentiated neoplasm, pos- 


branches of the occipital artery (5) now has better filled the ascending cervical branches of the inferior 
thyroidal artery (8) and of the transverse cervical artery (14) along with the deep cervical artery (13). The 
subclavian arteries (10, 11) are seen better than before. As in Figure 1C, the upper and lower portions of 


the vertebral artery (12) are opacified. 


(D) Approximately the same timing as in Figure 1D. The left vertebral artery (15) has filled from above, 
and as in Figure 1D, the right vertebral artery (12) is filled throughout. 
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sibly of renal origin or from an undetected 
sarcoma. Subsequently, metastases developed 
in the spine, and like those in the mandible, 
responded to irradiation. 

Seven and one-half months after his initial 
hospitalization, the patient died and, at au- 
topsy, was found to have widespread metastases 
in bone, brain, and both kidneys (particularly 
the right). There was involvement of the chest 
wall and ribs about the left shoulder and intra- 
luminal tumor had re-occluded the left sub- 
clavian artery and was present as well in the 
left carotid artery, right renal artery and the 
thoracic aorta. The tumor tissue was poorly 
differentiated and appeared to have originated 
in the right adrenal cortex. Whether the pecu- 
liar “squared off" sharply localized nature of 
the obstruction (Fig. 6 B) is a useful criterion 
suggesting intraluminal tumor is not known. 
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Comment. This case is remarkable in two 
respects. Other examples of obstruction re- 
sulting from compression of vessels by ad- 
jacent neoplasm (for example, in superior 
sulcus pulmonary neoplasm) might be an- 
ticipated, but subclavian steal resulting 
from occlusion by intraluminal neoplasm 
probably will remain a rarity. The second 
unusual feature (based on video tape re- 
cordings made with a catheter in several 
different positions within the left subcla- 
vian artery during the course of fluoros- 
copy) is the probability that in spite of a 
high degree of mechanical obstruction the 
"steal" is inconstant, or at least incipient. 
These observations support published re- 
ports on the degree of hemodynamic abnor- 
mality required to alter the gradient of 


Fic. 3. (4) Left carotid arteriogram, lateral view. For details see drawing in B. 

(B) One second following onset of injection of contrast material. Contrast material injected into the 
external carotid artery (20) has filled the superior thyroidal artery (24), internal maxillary artery (28), 
prevertebral branch of the left ascending pharyngeal artery (29), the occipital (22), and its descending 
cervical and muscular branches (23), and in addition, has refluxed against arterial pressure to fill the com- 
mon carotid artery (19) and the stump of its occluded internal branch (21). There is minimal filling of the 
left vertebral artery (15) from its muscular branch anastomoses with occipital branches. _ 

(C) One second later than B. The vertebral artery (15) is better filled. The downreaching anastomoses 
of the descending cervical and muscular branches (23) of the occipital (22) and the prevertebral branches 
of the ascending pharyngeal artery (29) are delivering opacified blood to the ascending cervical branches 
of the left inferior thyroidal (25) and the transverse cervical (26) arteries. (Not shown in these figures is 
blood flow from the left internal maxillary artery (28) through the large left ophthalmic artery and thence 


retrograde into the carotid siphon.) 


(D) One second later than C. The entire left vertebral artery (15) is filled by retrograde flow. 
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transverse cervical arteries (26), all receiving blood from the muscular and descending cervical arteries 
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Fic. s. (4) Right retrograde brachial 

arteriogram, cervical oblique view. 
One and one-half seconds after onset 
of injection of contrast material the 
right subclavian (1), the right verte- 
bral (3), the right carotid and its 
branches (2), and the basilar arterie 
(7) are all filled in normal fast 
The left vertebral artery (4) is fille 
in retrograde fashion as far as the 
level of C2. 

(B) One second later. left 
vertebral arterv (4) 1s opacified down 
to the mid-cervical region. 

(C) One more second later. The 
lower end of the left vertebral artery 
(4) as it empties into the left sub. 
clavian artery ($) is seen by virtue of 
reflux filling. 
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left subclavian artery (5) lies 3 cm. proximal to the origin of the left vertebral artery (4). The proximal 
portion of the left vertebral artery has filled by antegrade flow from the subclavian artery, presumably 


because of injection overpressure. 


(B) With the catheter tip proximal to the obstruction and at another injection, the small lumen re- 


maining through the obstruction can be seen. Ancegrade filling of the left vertebral artery (4) (not well 
shown in this print) was more pronounced than in the situation illustrated in 4. Since the additional ob- 
structive influence of the catheter (as in 4) in producing left subclavian hypotension is now absent, 
retrograde emptying of the left vertebral artery was even more ineffectual than in the earlier injection (4), 
requiring about 10 seconds for disappearance of contrast material from the vessel, The foregoing observa. 


tions were established on other test injections and recorded on video tape (not reproduced here). 


pressures between the basilar and subcla- 
vian arteries to the point where the direc- 
tion of blood flow is reversed.” 


SUMMARY 


Two unusual examples of the subclavian 
steal syndrome are presented. The first, 
probably a patient with Takavasu's svn- 
drome, demonstrated bilateral subclavian 
steal with additional complete obstruction 
of the left internal carotid artery and par- 
ial obstruction of the right internal caro- 
tid artery. The second patient, with in- 
cipient subclavian steal due to a partially 
occluded left subclavian artery (with ac- 


companying complete occlusion of left com- 
mon carotid artery) shows an unusual 
etiology for this syndrome, namelv, meta- 
static tumor thrombus. 
University of Florida 

Teaching Hospital and Clinics 
Gainesville, Florida 32601 


The drawings included are the work of Mr. 
Robert O. Beach, of the Department of Medical 
lllustrations. I am indebted to Drs. C. W. 
Ketchum and A. L. Lewis of Tallahassee, 
llorida, for their data on the postmortem 
examination of Case n, and to Drs. V. M. 
Arean and C. E. Hood of the Department of 
Pathology, for collaborating in the interpreta- 
tion of the autopsy findings. 
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CLINICAL USES OF SELECTIVE EXTERNAL 
CAROTID ARTERIOGRAPHY* 


By THOMAS H. NEWTON, M.D., and RICHARD A. KRAMER, M.D.f 


SAN FRANCISCO, CALIFORNIA 


ELECTIVE catheterization of the ex- 

ternal carotid artery and its branches 
improves the accuracy of angiographic 
diagnosis of certain lesions in the head and 
neck. Asin other peripheral arteriographic 
examinations, selective opacification of a 
specific circulatory bed greatly enhances 
the angiographic detail. In most medical 
centers the external carotid artery has been 
studied by arteriography of the common 
carotid artery. Wickbom?! and Ruggiero 
and Jay" have described methods of percu- 
taneous puncture of the external carotid 
artery. The introduction of a needle or can- 
nula from the common carotid artery into 
the external carotid artery has also been 
described.? 

In our experience, percutaneous puncture 
of the external carotid artery and main- 
tenance of a needle in the lumen have 
proved difficult. Moreover, by this methad 
the selective opacification of branches of 
the external carotid artery is impossible. 
Selective arteriography of the external 
carotid artery is effectively accomplished 
by percutaneous catheterization of this 
artery, as described by Liverud.® Weidner 
and Hanafee!® and Schechter! have pio- 
neered the use of catheter arteriography of 
the carotid artery and its branches in this 
country. This method permits a detailed 
analysis of the external carotid artery and 
its branches without superimposition of an 
opacified internal carotid system. Such 
selective arteriographic study permits 
better evaluation of both intracranial and 
extracranial lesions whose blood supply is 
derived from the external carotid artery. 
By this method, the nature and extent of 
the lesion are often accurately analyzed. 
External carotid arteriography also may 


aid in planning the surgical approach and 
in determining the nature of the vascular 
supply. Moreover, selective percutaneous 
catheterization of the external carotid ar- 
tery and its branches may be useful in 
chemotherapeutic perfusion of neoplasms 
in the head and neck.? 


ANATOMY OF THE EXTERNAL CAROTID 
ARTERY AND ITS BRANCHES 


The external carotid artery usually arises 
from the common carotid artery at the 
level of the hyoid bone. In its proximal 
portion it courses anteriorly and medially 
to the internal carotid artery. The branches 
of the external carotid artery have been 
divided into 4 groups: anterior, posterior, 
ascending, and terminal* (Fig. 1). 

The anterior branches include the supe- 
rior thyroid, lingual, and external maxillary 
arteries. The superior thyroid artery is 
usually the first branch of the external 
carotid artery arching downward to supply 
the thyroid gland and its adjacent muscles. 
The lingual artery, the second anterior 
branch of the external carotid artery, 
initially courses upward and then loops 
down to supply the tongue. The external 
maxillary artery arises slightly above the 
lingual artery and runs anteriorly to the 
pharynx, tonsil, submaxillary gland, and 
muscles of the neck and lower face. 

Posteriorly, the occipital artery arises at 
the level of the external maxillary artery, 
and extends superiorly to supply the mus- 
cles in the subaccipital region. Meningeal 
branches of the occipital artery ascend 
along the internal jugular vein. They enter 
the skull through the jugular foramen and 
condylar canal and supply the dura of the 
posterior fossa. The posterior auricular ar- 


* From the Department of Radiology, University of California School of Medicine, San Francisco, California, 
+ Fellow in Neuroradiology in the Department of Radiology. On temporary leave as Staff Radiologist from the Palo Alto Medical 


Clinic, Palo Alto, California, 
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tery is the second posterior branch of the 
external carotid artery. It is a relatively 
small vessel supplving some of the neck 
muscles and the parotid gland. 

The ascending pharyngeal artery is a 
small vessel arising near the origin of the 
external carotid artery. Posterior meningeal 
branches arise from this vessel to supply 
the dura of the posterior fossa. Unless hy- 
pertrophied, the meningeal branches of the 
ascending pharyngeal and occipital arteries 
are not usually seen on external carotid 
arteriograms. 

The superficial temporal and internal 
maxillarv are the 2 terminal branches of 
the external carotid arterv. The superficial 
temporal artery appears as a continuation 
of the external carotid artery. It ends in 
frontal and parietal branches, which supply 
the scalp and pericranium. The internal 
maxillary artery passes forward to supply 


Arteriogram of normal external carotid 
artery. |=lingual artery; em — external maxillary 
artery; o =occipital artery; ap = ascending pharyn- 
geal artery; st- superficial temporal artery; fst= 
frontal branch of superficial temporal artery; 
pst=parietal branch of superficial temporal 
artery; im-internal maxillary artery; mme 


ie. l. 


middle meningeal artery. 


Selective External Carotid Arteriography 








Large parieto-occipital meningioma. Right 
external carotid arteriogram shows hypertrophy 
of the anterior and posterior branches of the 
middle meningeal artery extending to the region 
of the tumor. Radiating vessels are seen in the 
tumor, 


Fio. 3. 


meningeal arterv arises from the internal 
maxillary artery and enters the skull via 
the foramen spinosum. [t is the largest 
arterv normally supplying the dura mater. 
After running forward and laterally in a 
groove in the greater wing of the sphenoid, 
it divides into anterior and posterior 
branches. These spread out between the 
dura and inner table, anastomosing with 
anterior and posterior meningeal arteries. 
Normally, the branches of the superficial 
temporal artery are larger and more tortu- 
ous in course than those of the middle 
meningeal artery. Angiographic identifica. 
tion, therefore, is usuallv not difficult. When 
a middle meningeal artery supplying a 
vascular lesion is hypertrophied, it also be- 
comes more serpiginous. Its identification 
is aided by recognizing its close relationship 
to the greater wing of the sphenoid and the 
pterion and, more distally, to the meningeal 
vascular grooves of the skull. 





TECHNIQUE 


The patient is brought to the radiology 


Aen ot 


department in a fasting state. Premedica- 
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Fic. 4. Occipito-temporal glioma with invasion of 
tentorium. Selective external carotid arteriogram 


shows the posterior branch of the middle 
meningeal artery ending in a tangle of abnormal 
vessels (arrows). Selective internal carotid arterio- 
gram had shown an enlarged tentorial branch ex- 
tending posteriorly and ending in a tumor blush. 
The  roentgenologic diagnosis of — tentorial 
meningioma was disproved at surgery where a 
glioma infiltrating the tentorium was found. 


tion in the adult consists of benadryl ṣo 
mg., and nembutal, so mg. intramuscularly, 
30 minutes betore the procedure. Atropine 
0.4 mg. 1s given intramuscularly just before 
the study is begun. After infiltration with a 


XX 
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Vic. g. Subdural lymphoma. This was a 40 year old 
white woman with recent onset of sensory and 
motor seizures involving the left lower extremity. 


No abnormalities were noted on physical examina- 


tion. Selective external carotid arteriography 
showed hypertrophied branches of the middle 
meningeal artery supplying an extracerebra! 
tumor in the right parietal region, high on the 
convexity. At craniotomy, a well circumscribed, 
subdural lymphosarcoma invading the adjacent 
dura was excised. 


local anesthetic, a small incision 1s made in 
the skin, at a point low in the neck, to 
facilitate later passage of the catheter. The 
common carotid artery is then punctured 
with an 18 gauge thin-walled needle. The 
carotid bifurcation is visualized in. the 
lateral projection, using Polaroid film and 
a test injection of 3 to 4 cc. of contrast 
material. This preliminary roentgenogram 


Large frontotemporal meningioma arising in the region of the pterion. (4) Left common carotid 


arteriogram shows distortion of the sylvian triangle, but no definite pathologic vessels are identified. (8) 
Selective external carotid arteriogram (arterial phase). Enlarged middle meningeal artery ending in a 
cluster of tumor vessels with a radial spoke-like pattern. (C) External carotid arteriogram (capillary 
phase). A large vascular blush indicates the size of the tumor. 
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l'16. 6. Metastatic neoplasm of the skull from car- 
cinoma of the thyroid. This 76 vear old woman 
had had a thyroidectomy for carcinoma in 1921. 
Since 1958 a progressively enlarging osteolvtic 
lesion had been noted in the right parietal bone 
with an overlying soft tissue mass. Selective ex- 
ternal carotid arteriogram (subtraction technique) 
made in 1905 showed an enlarged parietal branch 
of the superficial temporal artery ending in a large 
vascular tumor blush in the region of the palpable 
soft tissue mass and osteolvtic skull lesion. 


verifies proper placement of the needle anc 
also demonstrates its relationship to the 
carotid bifurcation. 

Catheterization is not performed when 
significant atherosclerotic changes are pres- 
ent at the bifurcation, since such manipula- 
tion could dislodge atheromatous material. 
In these instances, arteriography is per- 
formed bv injection of contrast material 
through the needle into the common carotid 


SS 


hic. 7. GZ and. B) Glomus jugulare tumor. A 34 year 
old woman with progressive tinnitus and deafness 
in the right ear. Selective external carotid arteriog- 
raphy (subtraction technique) showed extensive 
vascular blush in the region of the petrous bone. 
Abnormal tumor vessels were also seen on selec- 


tive vertebral arteriography. 
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artery. When the bifurcation appears nor- 
mal, a wire guide is carefully advanced 
through the needle into the vessel for a dis- 
tance of § em. The guide measures .035 


vA] 


arteriovenous malformation. 
This 1t month old boy was admitted for 
investigation of an abnormally enlarging 
head since birth. Lumbar peritoneal shunt 
had been performed at the age of 5 months. 
Development otherwise appeared normal. A 
bruit was heard over the occipital region. 
G4 and P) Left external carotid arteriogram, 


lic; 8. Dural 


anteroposterior and lateral views. The ex- 
ternal carotid artery is moaned hvper- 
trophied. An anomalous parietal branch of 


the superficial temporal artery is markedly 
enlarged. After perforating the skull, the 
artery ends posteriorly in a tangle of ab- 
normal vessels, supplying a dural vascular 
malformation. (C) A delayed roentgenogram 
shows filling of a large venous lake in the 
region of the torcular Herophilt. 


and has a 2 cm. flexible 
tip. The needle is then withdrawn and a 
preshaped, tapered, radiopaque polv- 
ethvlene catheter is advanced over the wire 
and threaded into the artery. The catheter 


inch in diameter 


is 40 cm. in length, .o6: inch in outer 
diameter and .045 inch in inner. diam- 
eter.* Its tip is slightly curved and the 
'atheter is marked with a laundry marking 


pen at a point 10 cem. from the tip. Care is 
exercised to avoid passage of the wire guide 


or the catheter bevond the 10 cm. level. In 


Becton and Dickinson RPN ogg H, 
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children the te 
à Ig gauge thin-walled 
wire guide measures .o24 
and the catheter? measures 
inner diameter 

The position of the catheter is checked by 
using à small amount of contrast medium 
and a horizontal mage amplifier. If the 
'atheter tip has entered the internal carot- 
id arterv, it is gently withdrawn under 
horizontal fluoroscopic guidance. During 
its slow retraction, the 


chnique is similar except cha 


needle is used D 
inch in diameter 
O27 omen: an 


curved tip of the 


Becton and Dickinson RPA oig H. 


464 





hic. 8. (D and E) Selective right external carotid 
arteriogram. Anteroposterior and lateral roent- 
genograms show similar findings on the right side. 


catheter is pointed anteriorly and will be 
seen to flip into the external carotid arterv. 
The catheter is then advanced into the ex- 
ternal carotid artery and is usually placed 
just distal to the origin of the lingual artery. 
If desirable, however, the tip of the cathe- 
ter can be placed selectively into the major 
branches of the external carotid artery. By 
extending the patient’s neck, the externa! 
carotid arterv is in line with the common 


carotid artery; this extension facilitates 
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placement of the wire guide and catheter 
into the external carotid artery. 

When contrast medium is injected into 
the external carotid arterv, the patient 
usually experiences a | feeling of heat in the 
face on the side of injection. With internal 
carotid placement, this sensation is usually 
noted behind the eve. Moreover, with an 
injection of saline into the external carotid 
artery, unilateral blanching of the face and 
cheek is often observed. With injection into 
the internal carotid artery, blanching 
occurs along the medial aspect of the orbit 
and the adjacent forehead. To prevent 
clotting and dislodgment of embol, the 
catheter is aspirated frequently and flushed 
with heparinized saline at least once each 
minute. 

We have also used the transfemoral ap- 
proach to selective catheterization of the 
external carotid artery. This method has 
been particularly useful when arteriog- 





Fic. 9. Extensive intracerebral arteriovenous mal- 
formation, Selective external carotid arteriogram 


shows prominent anterior branch of middle 
meningeal artery extending anteriorly. This vessel 
ends in a small tangle of abnormal vessels in the 
frontal region (large arrow). Selective internal 
carotid arteriogram (not shown here) revealed 
extensive arteriovenous malformation involving 
the frontal lobe and basal ganglia. 
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raphy of both carotid and vertebral sys- 
tems has been indicated. 

Usually, serial roentgenograms are ob- 
tained in lateral projections although in 
selected cases anteroposterior, submento- 
vertical, or other projections are helpful. 
Our patients have tolerated a 60 per cent 
solution of conrav* particularly well, and 
in the adult § cc. is introduced within 1.5 to 
3 seconds by hand injection. Too rapid in- 
jection will result in reflux of contrast me- 
dium into the internal carotid artery. 

The complications of carotid catheteriza- 
tion are related primarily to vessel damage 
during introduction and manipulation of 
the needle before catheter insertion. These 
complications are similar to hotse of simple 
percutaneous puncture of the carotid ar- 
terv. Catheterization adds the potential 
hazard of arterial spasm should the cathe- 
ter or wire guide be advanced too far or too 
forcefully? Although the advancing cathe- 
ter or guide wire can dislodge thrombi or 
atheromatous plaques, the preliminary 
roentgenogram showing the bifurcation 
markedly reduces this risk. Intravascular 
breakage ot wire guides has been described 
in other Seldinger catheter replacement 
techniques and is a potential complication 
at this site as well.? All these complications 
are avoidable by the experienced worker 
using careful technique. 

A great advantage of the catheter tech- 
nique is the avoidance of subintimal or ex- 
travascular injection. It also facilitates 
positioning of the patient. The relative 
safety of this approach in experienced hands 
is reflected by the few complications in the 
large series of carotid catheterizations re- 
ported by Amundsen e a/.,' Liverud,® and 
Schechter" 


CLINICAL MATERIAL 


INTRACRANIAL LESIONS 


Meningiomas, the most common intra- 
cranial and extracerebral neoplasms, usu- 
ally have a dual circulation with contribu- 
tions from both the internal and external 
carotid arteries. Usually, the middle 


* Mallinckrodt Chemical Works, St. Louis, Missouri. 
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Fic. 10, (4 and B) Cirsoid aneurysm of the scalp. 
This 35 vear old woman had noted a raised reddish 
area in front of the left ear. Biopsy showed a 
hemangioendothelioma. After the biopsy, the 
mass in the left scalp grew rapidly. Selective lef 
external carotid arteriogram showed marked hy- 
pertrophy of the superficial temporal branches 
with large tortuous irregular vessels in the scalp, 
defining the extent and vascularity of the lesion. 


$ 
&. 


i 
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f 


meningeal artery supples these tumors 
(Fig. 2), although, depending on their loca- 
tion, other smaller meningeal branches mav 
also contribute to the blood supply. The 
branches of the external carotid arterv sup- 
plving the tumor are enlarged and usuallv 
abnormally tortuous. The vessels within 


o^ 


the tumor itself are tortuous but their lu- 


Pic. r2, Nasopharvnge: 








Fic. rr. Glomus vagale tumor, An asymptomatic mass displacing the tonsillar region media 
ina gg vear old w 


* 


vascular mass in the ri 


a 


Ivy was discovere 

oman on routine physical examination, External carotid arteriography showed a large 

At tonsillar region, At operation a £X 3 cm. tumor was found to extend from the 

ugular fossa into the neck. The vagus coursed directly through the tumor. (7) External carotid arterio- 

gram, arterial phase. The external carotid artery (solid arrows) ts bowed forward by a vascular tumor. 
(B) Vascular blush in the venous phase defines the full extent of the tumor. 
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I Abroma. A 28 vear old man with a 6 months’ history of nasal obstruction and 
rhinorrhea. G4) Externa e 
sí 


i 
carotid arteriogram, arterial phase. Hypertroph: 
external maxillary arteries (open arrows) end in a tangle of abnormal vesse 
nasopharynx. (A2) Venous phase showing the tumor outlined by a vasa 





solid arrows) in the posterior 
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mina regular. The tumor vessels frequently 
have a radial spoke-lke appearance. Nu- 
merous capillaries are often present, which 
remain. filled late into the venous phase, 
giving a prolonged homogeneous stain. 
Only the central portions of the tumor may 
be demonstrated by external carotid ar- 
teriographv, whereas the peripheral portions 
may be opacified by internal carotid arterio- 
graphy.’ When adjacent bone or soft tissue 
is involved, the superficial temporal artery, 
occipital artery, or other branches of the 
external carotid artery may contribute to 
the tumor circulation as well. 

When common carotid arteriography 1s 
performed, the contribution of the external 
carotid artery may not be appreciated. An 
example of such a situation 1s illustrated in 
Figure 3, -7, B and C. In this instance, the 
extracerebral nature of the tumor was not 
recognized until selective external carotid 
arteriography was performed. 

Other intracranial neoplasms which in- 
volve the meninges may derive part or all 
of their blood supply from the external 
carotid svstem. Invasion of dura bv gliomas 
is rare. In these rare instances, however, 
external carotid arteriography may demon- 
strate vascular contribution to the tumor 
from this svstem (Fig. 4). 

We have studied one patient with a sub- 
dural lymphoma in whom the external 
carotid arteriogram indicated the extra- 
cerebral nature of the process (big. §). 
Metastatic neoplasms to the skull may 
occasionally be demonstrated by external 
carotid arteriography (Fig. 6). 

Glomus jugulare tumors are usually 
found in the jugular fossa, causing enlarge- 
ment of the jugular fossa and destruction 
of the adjacent temporal bone. À significant 
portion of their blood supply is derived 
from the external carotid system. Thus, 
external carotid arteriography is helpful in 
determining the nature of the tumor as well 
as In assessing its extent and the origin of 
its blood supply (Fig. 7,.7 and B). 

Vascular malformations involving the 
dura are supplied, at least in part, by the 
external carotid artery and are well demon- 
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Fic. 13. Recurrent tentorial meningioma extending 
into the neck. This $$ year old woman had had a 
suboccipital craniotomy in 1956 for a tentorial 
meningioma. She was readmitted 8 years later 
because of a large soft tissue mass in the sub- 
occipital region. Selective external carotid arterio- 
gram showed a large, vascular, suboccipital soft- 
tissue mass largely supplied. by the occipital 
branch of the external carotid. artery. Selective 
vertebral arteriography also showed contribution 


from muscular branches of the vertebral artery. 


strated bv selective arteriography (Fig. 8, 
A -E). In these cases, selective opacification 
of the internal carotid, the external carot- 
id, and vertebral arteries defines the 
vascular pattern more precisely than does 
nonselective arteriography. Surgical treat- 
ment is thus facilitated. 

Occasionally, intracerebral arteriovenous 
malformations may be opacified by external 
carotid arteriography since they may derive 
part of their blood supply from the external 
as well as the internal carotid arteries 
(Fig. 9). The external carotid arterial con- 
tribution mav be a reflection of associated 
dural vascular malformations, or may rep- 
resent contributory circulation via the 
leptomeningeal and rete mirabile anasto- 
moses." 
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Fic. 14. Metastatic cervical lymph nodes from 
thyroid carcinoma. An asymptomatic pul- 
satile mass was noted in the neck on routine 
physical examination of this 34 vear old 
woman, Clinically, a carotid body tumor 
was suspected. On exploration, a small focus 
of carcinoma was seen in the thyroid gland 
with extensive cervical lymph node in- 
volvement. C4 and B) Selective external 

carotid arteriograms. Hypertrophied pos. 

terior auricular and = occipital branches 

extend down to midcervical region. (C) 

Delaved roentgenogram shows dense vascu- 

lar blush, indicating the extent of the vascu- 

lar lymph node metastasis. 
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EXTRACRANTAL LESIONS 


The extent of cirsoid aneurysms, 
hemangiomas, and vascular malformations 
involving the scalp is best evaluated by 
external carotid arteriography. In these 
cases marked hypertrophy of the feeding 
branches of the external carotid artery may 
be observed (Fig. 10, .7 and B). 

Angiographic investigation of neoplasms 
of the neck mav establish the nature and 
extent of the lesion. Chemodectomas, such 
as carotid body and glomus jugulare 
tumors, may occur along the course of the 
carotid artery in the neck (Fig. 11, .7 and 
B). Carotid bedy tumors are vascular 
lesions which can only be properly evalu- 
ated by selective arteriography. These 
tumors usually are located at the bifurca- 
tion of the common carotid artery and 
thus cause a separation of the proximal 
internal and external carotid arteries. Since 
carotid body tumors usually receive their 
major blood supply from the external carot- 
id arterv, selective external carotid arteriog- 
raphy will demonstrate a plethora of 
tumor vessels just distal to the bifurcation 
of the common carotid artery. Since the 
thvrocervical trunk, costocervical trunk, 
and vertebral artery may contribute to 
these tumors, however, angiography of 
these vessels is recommended tor more com- 
plete preoperative evaluation.'® Complete 
preoperative arteriographic studies are 
particularly important in view of the high 
morbidity and mortality associated with 
surgical therapy of these extremely vascu- 
lar tumors.” 

Juvenile nasopharyngeal fbromas are 
uncommon, very vascular tumors (Fig. 12, 
A and B), usually seen in adolescent boys 
and, occasionally, in voung women. Holman 
and Miller?’ have recently emphasized 
characteristic plain roentgenographic find- 
ings, which in conjunction with the clinical 
picture, can lead to a correct preoperative 
diagnosis. Because of their extreme vas- 
cularitv, surgical treatment is fraught with 
difficulty, and the surgeon can be aided 
considerably by arteriographic studies. 
Although the major vascular supply ts 
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Fic. 12. Lingual arteriography. (Æ and B) Antero- 
posterior and lateral roentgenograms of the tongue 
show a normal vascular pattern. 


from the external carotid artery, contribu- 
tions may be from the internal carotid as 
well." 

The external carotid artery may supply 
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intracranial neoplasms which extend into 
the neck and external carotid arteriography 
in these cases is a useful diagnostic pro- 
cedure, An example of a meningioma which 
extended from the posterior fossa into the 
neck is illustrated (Fig. 13). Similarly, the 
extent and vascularitv of metastatic neo- 
plastic masses in the neck may be evaluated 
by external carotid angiography (Fig. 14, 
4, B and C). 

The arteriographic pattern of neoplasms 
that involve the tongue may be studied in 
detail by means of selective external carot- 
id or lingual arteriography (Fig. 15, Z 
and B). Angiography of the tongue, using 
non-screen, bone-free films, would allow a 
detailed analysis of tumor vessels, both 
before and after therapy. 

Traumatic arteriovenous fistulas of the 
external carotid artery are not common but 
are seen following missile or stab wounds. 
In these cases selective external carotid 
arteriography establishes the exact location 
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Fic. 16. (Æ and B) Traumatic arteriovenous fistula of the external carotid artery. This was an 18 year old 
man who was stabbed in the cheek. Shortly after the injury, a rhythmic hissing sound was noted by the 
patient. On physical examination a bruit in the neck was noted, which was stopped by carotid compression, 
Selective external carotid arteriography (subtraction technique) showed immediate filling of the pterygoid 
venous plexus and early venous drainage (arrows). 


as well as the venous drainage of such a 
lesion (Fig. 16, .7 and B). 

As yet, we have not had the opportunity 
to perform selective external carotid arteri- 
ography in patients with epidural hema- 
tomas. In these cases, leakage of contrast 
medium from the ruptured meningeal 
arteries and displacement of the artery 
away from the inner table have been de- 
scribed.!? 

A pitfall to be avoided in selective 
arteriography is the placement of the 
catheter beyond the origin of the branch 
supplying the lesion, which may result in 
failure to opacity the abnormal circulation 

I 


(Fig. 17, 4, B and C). 


CONCLUSION 


Selective external carotid arteriography, 
using the catheter technique, represents a 
relatively simple method for detailed anal- 
ysis of the external carotid artery and its 
branches. This method of investigation is 
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Vic. 17. A g8 vear old white woman had noted 
a bony hard mass in the right posterior 
temporal region. The results of a neurologic 
examination were normal. (47) Selective 
external carotid arteriogram with a catheter 
beyond the origin of the occipital artery 
showed no abnormality. (8) Selective 
opacification cf the occipital branch of the 

xterral carotid artery showed a hyper- 















trophed meningeal branch extending up- 
ward zo the region of the mass, and abnormal 
tumor vessels. (C) Delayed roentgenogram 
howed homogeneous blush characteristic of 
mening.oma. 
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valuable in assessing the nature and extent 8. 
of a variety of vascular lesions of the head 
and neck. Illustrative examples are pre- 
sented. 


Thomas H. Newton, M.D. 
Department of Radiology 
University of California 

San Francisco Medical Center 


Ic. 


San Francisco, California 94122 x 
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DEVELOPMENT OF COLLATERAL VESSELS IN AN 
ACUTE OCCLUSION OF THE COMMON 
HEPATIC ARTERY* 


By STEWART R. REUTER, M.D.+ 


LUND, SWEDEN 


HAT the liver can withstand occlusion 
of the common hepatic artery proximal 
to the origin of the gastroduodenal artery 
has been demonstrated in animals?’ and in 
man. Michels* has listed 26 potential 


collateral pathways which may develop to 


supply a liver so deprived of its arterial 
blood supply. Only a few of these pathways, 
however, actually develop to a degree 
which is angiographically demonstrable. 
In a recent review of the angiographic 
findings in long-standing celiac stenosis? it 
was observed that, in the absence of liver 
diseases which cause increased demand for 
arterial blood flow or vascular anomalies, 
the only collaterals which developed to the 
liver were the arteries in the head of the 
pancreas and the gastroduodenal artery. 
An unusual complication of selective celiac 
angiography, su intimal injection, has pro- 
vided the opportunity to observe the im- 
mediate collateral development following 
occlusion of the common hepatic artery. 


REPORT OF A CASE 


A 65 year old male was admitted to the hos- 
pital because of repeated attacks of severe 
upper abdomina: pain. Pancreatic function 
tests showed decreased enzyme production, and 
he was considered to have pancreatitis. To 
exclude a pancreatic neoplasm, a combined 
celiac-superior mesenteric angiographic study 
was made. 

Angiography was performed through two 
end-open, yellow KIFA catheters, one intro- 
duced from each femoral artery. As the position 
of the catheters was monitored with small injec- 
tions of contrast medium during the catheter- 
ization procedure, it was shown that the splenic 
and hepatic arteries had separate origins from 
the aorta. For the combined injection, there- 
fore, one catheter was introduced into the 


origin of the common hepatic artery, and the 
other, into the superior mesenteric artery. An 
injection of 45 cc. of 76 per cent urografin 
(Schering, Germany) was made through both 
catheters simultaneously using a Y-connector 
with an injection rate of 18 cc. per second. A 
series of exposures was made in the antero- 
posterior position using an Elema roll film 
changer. The patient was then rotated into a 
right posterior oblique position, and a second 
injection was made. The catheter was removed 
from the common hepatic orifice and placed in 
the splenic orifice, and a single injection of 30 
cc. of 76 per cent urografin was made through 
this catheter in the anteroposterior projection. 
The catheters were then withdrawn and the 
patient was returned to the ward. The patient 
experienced no unusual sensations during or 
after the procedure. He was pain free at the 
time of the examination and remained so for 
several weeks. When his pain returned, it was 
the same as the pain for which he had originally 
been admitted. 


ANGIOGRAPHIC FINDINGS 


In the anteroposterior series of the com- 
bined study (Fig. 1), there. was good filling 
of both the hepatic and superior mesenteric 
arteries and their branches. No evidence of 
pancreatitis or tumor was noted. In the 
oblique series of the combined study (Fig. 
2, 4, Band C), the common hepatic artery 
was irregularly occluded just proximal to 
the origin of the gastroduodenal artery by a 
subintimal injection. The superior mesen- 
teric artery and its branches were normally 
filed. The inferior pancreaticoduodenal 
artery, arising from the first jejunal artery, 
and the anterior pancreaticoduodenal 
arcade were densely opacified and had in- 
creased in diameter approximately 3 times 
compared with the series taken prior to 


* From the Roentgendiagnostic Department (Director: Prof. Olle Olsson), University Clinics of Lund, Sweden. 
t Fellow in Radiological Research of the James Picker Foundation, 
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Fic. 1. Combined injection of the common hepatic 
and superior mesenteric arteries in the antero- 
posterior position. No abnormalities are seen. The 
anterior pancreaticoduodenal arcade 6) is nor- 
mal in size, and the branches of the dorsal pan- 
creatic artery in the head of the pancreas are not 
seen. 


occlusion. A flow detect caused by non- 
opacined blood from the posterior pan- 
creaticoduodenal arcade was seen in the 
mid-portion of the gastroduodenal arterv. 
The proper hepatic artery was filled from 
the gastroduodenal artery. The right gas- 
tric arterv could not be seen in this studv. 
At the splenic artery injection (Fig. 3), 
branches of the dorsal pancreatic arterv, 
which arose from the splenic arterv, were 
larger than they are usuallv seen to be. The 
retroduodenal branch and its branch to the 
uncinate process were particularly promi- 
nent. These and other smaller branches of 
the dorsal pancreatic artery in the head of 
the pancreas supplied collateral flow to the 
proper hepatic artery via the posterior 
pancreaticoduodenal arcades and gastro- 
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duodenal artery. The branches of the dor- 
sal pancreatic artery, unfortunately, were 
not filled in the series taken prior to occlu- 
sion, and no comparison could be made. 
Unopacified blood from the anterior arcade 
mixed in the gastroduodenal artery. The 
splenic and left gastric arteries and their 
branches were normal in appearance. 
DISCUSSION 

Although Michels! listed 26 potential 
collateral pathways to the liver, 10 of these 
are anatomic variations of the hepatic 
artery. In a given person, therefore, 16 or 
17 pathways actually exist. In only 7 of 


H 
these are the communications between 
hepatic and  nonhepatic vessels large 


enough to provide an immediate collateral 
supplv after a hepatic occlusion. The other 
g are verv small communications, either 
between the vasa vasorum of hepatic and 
nonhepatic arteries, between duodenal and 
hepatic arterial branches in the hepatic 
duct walls, or between branches of extra- 
abdominal arteries and hepatic artery 
branches in the supporting ligaments of the 
liver. These are too small to develop im- 
mediately as collaterals, and probably de- 
velop only in long standing occlusions. Of 
the 7 large collateral pathways, the gastro- 
duodenal artery is the final vessel in 5, the 
other 2 sizable collateral svstems occurring 
between branches of the left gastric and 
hepatic arteries. 

In this patient, the acute collateral blood 
supply to the liver occurred entirely over 
the arteries in the head of the pancreas. 
Three other collateral pathways which 
might have been expected to develop im- 
mediatelv were not seen. The first is from 
the splenic artery via the left and right 
gastro-epiploic arteries to the gastroduo- 
denal arterv, and the second, from the 
splenic artery via the inferior epiploic 
arcade to the gastroduodenal artery. The 
third is from the left gastric artery via the 
right gastric artery to the right hepatic 
artery. That these 3 pathways did not 
develop in this patient is probably related 
to the very small size of the right gastric 
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Fic. 2. Combined injection of the common 
hepatic and superior mesenteric arteries in 
the right posterior oblique position, (7) 
Early arterial filling phase. The densely 
opacified subintimal injection (—) occludes 
the common hepatic artery just proximal to 
the origin of the gastroduodenal artery. 
Collateral low from the superior mesenteric 
artery has widened the diameter of the 


anterior pancreaticoduodenal arcade (@-) 
approximately 5 times. No other collateral 
development is seen. The posterior pan- 
creaticoduodenal arcade fills from splenic 
artery branches and is not seem on this 
study. (B) Mid-arterial filling phase. The 
collateral flow from the superior mesenteric 
artery has now filled the gastroduodenal 
artery (>), and the hepatic artery (»») is 
beginning to fill bevond the occlusion (—). 
(C) Late arterial filling phase. The sub. 
intimal injection remains densely opacified 
as the superior mesenteric artery is begin- 
ning to empty. The hepatic artery branches 
continue to fill from collateral flow. 


^ 


and left gastro-epiploic arteries. These ves- mortality associated with sudden occlusion 
sels could not be identified on any of the of the hepatic artery distal to this vessel,’ 


angiograms, compared with the absence of complica- 
Phe dependence of 5 of the 7 major col- tions associated with proximal ligation. 


lateral pathwavs to the liver on the gastro- That this patient had no symptoms during 
duodenal artery helps explain the high or atter the occlusion would indicate the 





lic, 3. Selective injection of the splenic artery 
(arising separately from the aorta) in the antero- 
posterior position. The retroduodenal branch of 
the dorsal pancreatic artery (A) and its branch 
ta the uncinate process (++) are enlarged and 
supp: v collateral low to the liver via the posterior 
pancreaticoduodenal arcade (») and gastroduo- 
denai artery. The anterior pancreaticoduodenal 
arcade, filling from the superior mesenteric artery, 
is not seen in this study. 


adequacy of the angiograpically demon- 
strated collateral blood supplv from other 
visceral arteries over tae pancreatic and 
gastroduodenal arteries. How long this ob- 
struction to the hepatic blood flow re- 
ma:ned is not certain, since no follow-up 
examination was performed. Experience in 
other arteries has shown that 24 hours after 
à subintimal injection, the vessel will have 
an angiographically normal appearance. 
Only 4 subintimal injections have oc- 
curred in this department in 800 selective 
celiac and superior mesenteric angiogra- 
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phies. Thisis probably becauseonly end-open 
catheters are used for selective examina- 
tions. No injection is performed unless good 
backflow of blood trom the catheter 1s first 
obtained. Such backflow indicates that the 
tip of the catheter is not against the wall ot 
the vessel. If side holes are used, good back. 
flow may be obtaired even if the tip is 
occluded by its position against the wall. 
It is not certain why subintimal injection 
occurred in this patient, but it 1s probably 
secondary to recoil of the catheter, direct- 
ing the jet against the vessel wall. 





SUMMARY 


An acute occlusior of the common hepat- 
ic artery by a subintimal injection of con- 
trast medium has provided an opportunity 
to observe the immediate collateral blood 
flow to the liver. The vessels participating 
in the collateral supply were the dorsal 
pancreatic artery ard its branches in the 
head of the pancreas, the pancreaticoduo- 


denal arcades and the gastroduodenal 
arterv. 


Roentgendiagnostic Department 
University Hospitals 
Lund, Sweden 
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PORTAL VENOGRAPHY BY SELECTIVE ARTERIAL 
CATHETERIZATION* 


By ROBERT A. NEBESAR, M.D.,f and JAMES J. POLLARD, M.D.1 


BOSTON, MASSACHUSETTS 


RUE dione Mn of the portal vein is 
important in the study of patients with 
portal hypertension both before and after 
surgical portal systemic shunts. Opacifica- 
tion of the vein can be accomplished by di- 
rect puncture of the splenic pulp with in- 
jection of a contrast agent, or by injection 
into the selectively catheterized celiac, 
splenic, or superior mesenteric artery. The 
contrast material injected arterially travels 
to the spleen or bowel and then returns by 
way of the splenic or intestinal veins, thus 
demonstrating the portal vein. 

Portal vein opacification by the standard 
direct splenic pulp puncture technique was 
introduced in 1951 by  Abeatici and 
Campi.! Ódman,? reporting his experience 
with selective catheterization of the celiac 
axis by the Seldinger? technique in 1958, 
first noted that contrast material injected 
by that route occasionally produced ade- 
quate opacification of the portal venous 
structures. Boijsen ef al., in 1963, reported 
a series of cases of portal hypertension 
studied by selective celiac and superior 
mesenteric injection. In a number of these 
cases, he and his co-workers utilized simul- 
taneous injection into the celiac and supe- 
rior mesenteric artery in an effort to demon- 
strate the portal system more completely 
and improve concentration of the iodinated 
contrast material in the portal vein. 

The present authors!? in 1964 reported 
their experience with the arterial technique 
and described a new method whereby im- 
proved visualization of the portal venous 
system is achieved by injection into the 
selectively catheterized splenic artery. 


Selective splenic artery injection was an 
outgrowth of the observation that when an 
Injection is made into the celiac axis in a 
patient in whom the hepatic artery arises 
from the superior mesenteric artery, as is 
the case in approximately r$ per cent of 
patients, or when selective splenic injections 
are performed for other indications, the 
splenoportogram is of better quality than 
in most instances of celiac injection. The 
purpose of this paper is further evaluation 
of this technique in 46 patients with sus- 
pected portal hypertension or thrombosis 
of the portal vein, or for confirmation of 
patency of a previous shunt. These cases 
are drawn from a series of 206 consecutive 
patients in whom selective celiac, splenic, 
hepatic, and/or superior mesenteric angiog- 
raphy was performed at the Massachusetts 
General Hospital. 


TECHNIQUE 


Materials and Methods. A percutaneous 
puncture is accomplished with a New? 
needle, and a preformed Kifa red catheter 
is inserted using the Seldinger technique. 
The puncture is generally performed via 
the femoral artery, although occasionally 
the left brachial or axillary route is used. 
When catheterization of the splenic artery 
is desired, the tip of the catheter may re- 
quire accentuated or additional curves to 
aid in its advancement from the celiac axis 
into the splenic artery. Catheter introduc- 
tion into the splenic artery has also been 
facilitated by the use of special curved guide 
wires with flexible tips. The catheterization 
is monitored with television fluoroscopy, 


* Presented at the Sixty-sixth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 28-October 1, 
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TABLE I 
INDICATIONS FOR SELECTIVE ARTERIAL CATHETERIZATION 
Indications Superior 
Mesenteric 

Portal Hypertension 

Cirrhosis. ? Patent Portal Vein 1 

Cirrhosis. ? Patent Portocaval Shunt 
After Splenectomy (Portal Hypertension) 

Cirrhosis. ? Patent Portal Vein 6 


Cirrhosis. ? Patent Portocaval Shunt 
Cirrhosis. ? Patent Splenorenal Shunt 


Other 
Budd-Chiari Syndrome 
? Patent Portal Vein with Mass in Liver 
? Patent or Invaded Vein with Pancreatic Mass 
Portal Hypertension with Arteriovenous Fistula 
Idiopathic Portal Hypertension 


and films are taken on a serial film changer, 
usually at a rate of one film every third 
second. 

Large doses of contrast agent have been 
found necessary to give consistent opacifi- 
cation. Usually, at least go or as much as 
75 cc. of 76 per cent renografin is injected 
into the splenic or superior mesenteric 
arteries. On the rare occasion when contrast 
material is dilute and the vein overlies the 
spine, the subtraction technique of Ziedses 
des Plantes has been found helpful. With 
the use of subtraction, the bone density of 
the spine can be removed, thus showing the 
portal vein without the confusing overlying 
bone image. Since the routine use of larger 
doses of contrast material (50 cc. or more) 
has been adopted, however, subtraction 
has not been necessary. 


RESULTS 


Table 1 lists the indications for selective 
splenic, celiac, and superior mesenteric 
angiography in the 46 patients in whom 
visualization of the portal venous system 
was desired. In addition to these 46 cases, 
portograms were obtained incidentally in 
many of the other 160 patients in whom 
celiac, superior mesenteric, and selective 





splenic injections were performed for other 
indications. Only in three-fourths of 84 
cases of celiac axis injection with films 
exposed at adequate intervals was there 
satisfactory visualization of the portal vein. 
Successful selective splenic injection yielded 
good splenoportograms in over go per cent 
of cases. In all instances in which both 
celiac axis and selective splenic artery 
studies were obtainec, the splenoportogram 
after selective splenic artery injection was 
of better quality than after celiac axis in- 
jection (Fig. 1, 4—D). 

Table u lists the various catheterization 
procedures attempted primarily for portal 
venous visualization and shows the inci- 
dence of success and failure of specific vessel 
catheterization as well as the incidence of 
satisfactory portal venous visualization. 
Selective splenic artery catheterization was 
accomplished in 17 of 23 cases in which 1t 
was attempted (Fig. 2, £ and B; and 3, 4 
and B). In all but 2 of the 17, visualization 
of the portal vein was adequate. In 1, the 
catheter slipped out during injection and 
because of poor patient cooperation, the 
injection was not repeated. In the other, a 
patient with a previcus end-to-side porto- 
caval shunt, there was no visualization of 
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1G. 1. Advantage of selective liac axis catheterization in a normal patient. © 
tive celiac arterial injection. (B) Portal venogram from celiac axis injection. (C) Selective splenic arterial 


injection, (D) Improved portal venous opacification from selective splenic injection. 
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See also text. 
t Adequate visualization obtained with celi: 





c catheterization in 1; with superior mesenteric catheterization in 3. 
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lic. 2. Patent portal vein and collaterals in cirrhosis with portal hypertension and bleeding varices. (4) 
Selective splenic arterial injection. (B) Portal venogram showing the portal vein to be patent, with retro- 
grade flow through interior mesenteric and coronary veins with filling of gastric and esophageal varices. 
(Intramural deposition of contrast material in splenic artery caused no symptoms, } 


the shunt, the splenic, or collateral veins 
despite a good injection. A double cathe- 
terization of both celiac and superior 
mesenteric arteries was attempted, but 
this also failed to demonstrate the portal 
venous system. Since no proof was avail- 


x 


able, this attempt was classified as a failure 


to visualize, although thrombosis of an 
end-to-side portocaval shunt was clinically 
suspected, 

In the 6 patients in whom catheterization 
of the splenic artery was unsuccessful, 
adequate splenoportograms were obtained 
from celiac or superior mesenteric cathe- 





lic. 3. Ineffective but open portocaval shunt in a patient with cirrhosis ( proved by autopsy}. G7) Selective 
splenic arterial injection. (B) Venogram showing shunt to be patent, with a small amount of contras: 
material passing through the shunt (S) into inferior vena cava (IVC) but flow predominantly passing 


through collaterals and varices (V). 





shunt in cirrhotic male. 


Fic. 4. Patent portocaval 
Superior mesenteric vein is opacihed and shows flow through a patent shunt (S) into inferior vena cava (IVC). 


terization in 4. In 1 of the 2 remaining 
failures, catheterization of any vessel 
supplving the upper abdominal viscera was 
prohibited by iliac artery atherosclerosis; 
in the other failure, catheterization of the 
splenic artery was difficult and further 
attempts to enter this vessel or the celiac 
or superior mesenteric artery had to be 
terminated. 

In 13 patients in whom celiac catheteriza- 
tions were primarily attempted for the 
diagnosis ot portal hypertension (early in 


the series), there was 1 failure because of 


PEE to ia vance the catheter bevond 
the iliac sels due to atherosclerosis. In 2 


of the 12 cases in which the vessel was 
successfully catheterized, the portal vein 
was not adequately demonstrated, and 
attempts at catheterization of other vessels 
were not made as the value of selective 
splenic or superior mesenteric artery cathe- 
terization was not appreciated at that 
time. 

Of the 10 attempts at primary superior 
mesenteric catheterization, all were success- 
ful, with adequate visualization of the por- 
tal venous svstem (Fig. 4 through 7). 

In addition to the above 46 cases, 4 
selective splenic artery catheterizations 
were performed for indications other than 
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(A) Selective superior mesenteric artery injection. (Hj 


portal venous visualization, and in all ex- 
cellent splenoportograms were obtained. 
In these splenopor tograms, opaci ification of 
the portal vein was superior to that follow. 
ing celiac injection, The portogram from 
superior mesenteric artery injection with 
high doses of contrast material was often 
comparable to that obtained with selective 
splenic artery injection. 

Over-all satisfactory visualization of the 
portal veins bv arterial injection occurred in 
39 out of 46 cases, or 84 per cent. Had 
further attempts been made at selective 
catheterization, the incidence of visualiza- 
tion could almost certainly have been im- 
proved. Esophageal varices are not in- 
variably shown by this technique, but 
evic dence of collateral retrogr ade flow into 
the coronary and inferior mesenteric veins 
is almost always seen in portal hvper- 
tension. 

Ot the 19 cases subsequently verified bx 
surgerv or autopsv, the angiographic inter- 
pretation was correct in all buti. In this 
one instance the angiogram was interpreted 
as showing a patent but slightly narrowed 
portal vein. In actual fact the vein had 
been severely thrombosed, although a small 
portion of the lumen was unobstructed. 
This must be regarded as an error of inter- 
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pretation rather than a deficiency in the 
angiogram, 

The complications of the Seldinger tech- 
nicue have been previously described.’ In 
this series of 46 patients, 1 had temporary 
loss of a dorsalis pedis pulse. In one in- 
stance there was extravasation of a small 
amount of contrast material subintimally 
into a selectively catheterized splenic ar- 


tery without reduction in. flow or anv 


fever was present for 24 hours without 
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hepatoma (proved bv autopsy). (4) Selec- 
tive superior mesenteric injection filling the 
hepatic arteries via collaterals through the 
head of the pancreas; revealing large vascu- 
lar hepatoma in the liver. CB) Detailed view 
of hepatoma. (C) Portal venogram showing 
small strands representing recannalization 
of thrombosed portal vein and periportal 
collaterals (arrows). 


obvious cause. There was no loss of use of 
limb, no significant hematoma formation at 
the puncture site, nor any known signifi- 
cant abdominal vascular or visceral compli- 
cation. 


DISCUSSION 


The visualization of the portal venous 
system 18. important for determining 
whether portal hvpertension is due to in- 
trahepatic block secondary to cirrhosis or 
to an extrahepatic block caused by portal 
vein thrombosis. It is valuable for demon- 
strating patency of the portal vein prior 
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hic, 6. Portal vein thrombosis since childhood in a female with otherwise normal liver and previous splenec- 


tomy (thrombosis surgically confirmed). 


GT) Selective superior mesenteric artery 


(Bj) Portal 


infection, 


venogram showing mesenteric varices and M collaterals to the liver with channels Jaca the gall- 


bladi ler | P ed. 


to performance of a portocaval or spleno- 
renal shunt to decompress che portal svs- 
tem (Fig. 2,7 and B). In the event of portal 
vein thrombosis, the procedure may dem. 


onstrate large intestinal veins or other 
collateral channels (Fig. 68), which, if of 
sufficient caliber, may be utilized for 


shunts. In upper gastrointestinal bleeding 
confirmation of esophageal varices has been 


obtained. Postoperatively, the patency of 


shunts has been demonstrated (Fig. 3, Z 
an Dd. and B: and 4, D ano € 
Splenoportography has also been used to 
demonstrate invasion of the splenic or 
portal veins by pancreatic or other neo- 
plasms. Masses within the liver mav on 
occasion be detected. 

The direct percutaneous splenic pulp 
puncture is still a good method for spleno- 
portography becauseof the denser opacifica- 
tion of the portal vein thus obtained an h in 
view of the simplicity of the technique. It 
also has the advantage of EO. fot 
measurement of the portal pressure as re- 
flected by the splenic pulp pressure. This 
method, however, should be used onlv with 
fairly rigid criteria to prevent post-puncture 


bleeding. Patients must be carefully 
screened to rule out a low prothrombin time, 


not infrequently found in cirrhosis, or a 
decreased platelet count, which may be 
associated with hypersplenism secondary 
to cirrhosis. Patients with massive ascites 
are also poor candidates for direct splenic 
pulp puncture, since the tamponading 
effect of the spleen against the abdominal 
wall is lost with the displacement of the 
organ by ascitic fluid. Again, when spleno- 
megaly is due to infection, the spleen is 
unduly friable and should not be subjected 
to direct puncture. In the normal nontibrot- 
ic spleen, direct percutaneous puncture 


mav be attended by undue risk and is 
tec hnically more difficult because the 


spleen is small. Hazard is increased. with 
multiple punctures. Mild bleeding is com- 
mon following puncture splenoportography, 
and severe loss of blood requiring trans- 
fusions, as well as splenic rupture and 
death, i as been reported.? 

Arterial injection of contrast material 
seems a more physiologic method of demon. 
strating the portal circulation and by this 
means many of the objections to direct 
puncture are obviated. Arterial portal 
venography can be safely accomplished in 
most instances in which direct puncture is 
contraindicated. Although severe bleeding 


diatheses causing purpura and spontaneous 
bleeding from mucous membranes, etc., 
are still to be regarded as contraindicating 
arteria] catheterization, the mild depres- 
sion. of prothrombin time and platelet 
count seen in cirrhosis with portal hyper- 
tension does not prohibit its use. [n pa- 
tients with prothrombin times as low as 
20 per cent, platelet counts of 50,000, or 
ascites, the procedure w was performed safely, 


without any serious complication or se- 
quelae. Particularly good | splenoporto- 
grams are obtained with sm all normal 


spleens because contrast material is less 
diluted. It has also been performed without 
complication in patients in whom previous 
attempts at splenic Po puncture were un- 
successful and should be safe in patients 
with infective splenomegalv. Another ad- 
vantage of arterial injection is the possi- 
bility of performing multiple injections in 
diferent projections with safety, whereas 
it is generally advised that only one direct 
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lig. 7. Patent splenorenal shunt in cirrhotic male. 
celiac axis injection revealing a small liver with corkscrew vessels 
indicating cirrhosis. Note amputated splenic artery. (5) Selective 
superior mesenteric injection. (C) Portal venogram from superior 
mesenteric injection, 
(SMV), retrogradely through remnant of splenic vein (SV) and 
into renal vein (RY). 
carries so little 


ollard 


Jose, 1966 





C4) Selective 


showing How from superior mesenteric veins 


The portal vein (PV) is small because it 


fi OW, 


injection be made into the splenic pulp. 
Occasionally after direct puncture only 
collateral vessels fill with contrast medium, 
either because of portal vein thrombosis or 
as a result of a functional derangement 
secondary to portal hypertention with in- 
creased resistance in the portal hepatic bed 
and collateral flow. In these instances 
arterial injection can be performed into 
both celiac and superior mesenteric sys- 
tems-—or, even better, combined selective 
splenic and superior mesenteric injection 
producing opacification of practically the 
entire venous inflow and demonstrating 
the portal vein if it is patent and flow is in 
the normal direction. It is possible, how- 
ever, for retrograde flow to occur through 
the portal vein either due to cirrhosis or 
hepatic vein thrombosis. In cirrhosis there 
may be a postsinusoidal outflow obstruc- 
tion,” while in hepatic vein. thrombosis 
there is usually a total block of hepatic 
venous egress, In these instances the blood 
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flows from the hepatic arteries through the 
sinusoids into the portal venules and retro- 
gradely into the portal vein, due to obstruc- 
tion in the hepatic venous outflow, and a 
false impression of portal vein thrombosis 
may be obtained. In 5 cases of cirrhosis in 
which selective hepatic angiography was 
performed, however, no retrograde flow into 
the portal vein was observed. 

In the splenectomized patient, visualiza- 
tion of the portal vein is manifestly impos- 
sible by direct splenic puncture. Demon- 
stration of the vessel in the presence of 
bleeding under these circumstances is of 
importance because of the possibility of 
portal vein thrombosis, and the informa- 
tion thus obtained is essential prior to 
contemplated surgical shunting procedures. 
Several techniques have been proposed in 
the past for preoperative visualization of 
the portal vein in patients who have had 
splenectomies, but all have proved im- 
practical or have yielded inconsistent re- 
sults. Such techniques include operative 
cannulation of hemorrhoidal veins with 
injection into the inferior mesenteric system 
and cannulation of the umbilical vein in 
the hope of defining the portal vein. The 
former method requires general anesthesia 
and the latter is not always possible be- 
cause the umbilical vein may not be pa- 
tent. In both procedures injection may be 
against the direction of blood flow in a 
patient with portal hypertension and re- 
sults may thus be unreliable. Percutaneous 
transhepatic injection into the portal vein 
or high pressure injections into the hepatic 
vein, with retrograde transhepatic flow into 
the portal systems, may be hazardous and 
do not adequately fill the portal and splenic 
veins through their entire length. Injection 
into a superior mesenteric venous tributary 
at laparotomy has been used but does not 
allow preoperative evaluation; often film 
quality is poor, and serial splenoportograms 
cannot usually be obtained in the operating 
room. Catheterization of the superior me- 
senteric artery is the only practical pre- 
operative means of producing consistently 
diagnostic splenoportograms when the 
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spleen has been removed. It is more reli- 
able, safer, and easier of performance than 
the other methods. 

Superior mesenteric artery catheteriza- 
tion 1s also useful to confirm patency of 
previous shunts in patients who have 
undergone splenectomy. Portocaval shunt 
patency may, however, be demonstrated 
also by direct catheterization of the shunt 
from the inferior vena cava or, 1f the spleen 
has not been removed, by conventional 
puncture splenoportography or selective 
splenic arterial injection. 

A splenoportogram obtained by arterial 
injection has the advantage that specific 
information about the liver is provided 
when the tip of the catheter is placed in the 
hepatic or celiac artery and a hepatic angio- 
gram is obtained. With the hepatic angio- 
gram, confirmation of cirrhosis or suspected 
hepatoma with secondary thrombosis of the 
portal vein as a cause of portal hyperten- 
sion is usually possible?" (Fig. 5, 4, B and 
C; and 7, 4, B and C). Although liver 
masses can be shown as filling defects in the 
hepatogram phase of a direct puncture 
splenoportogram if the portal vein is pa- 
tent, their nature cannot be ascertained. 
Celiac or hepatic arteriography, on the 
other hand, will often demonstrate the 
tumor vascularity pathognomonic of malig- 
nant neoplasia since most malignant tu- 
mors of the liver, either primary or metas- 
tatic, derive their blood supply from the 
arterial circulation.‘ 

Arterial portal venography produces less 
contrast density in the portal vein than 
direct splenic pulp puncture, due to dilu- 
tion in the splanchnic bed, probably be- 
cause water 1s drawn in by the high osmotic 
concentration of the contrast agent while it 
isin the capillaries. Direct splenic puncture 
deposits the injected medium directly into 
the veins or close to them, thus increasing 
contrast density. 

Aortic injection is generally inadequate 
to produce a splenoportogram; the contrast 
material is diluted in the aorta and too little 
arrives in the spleen. Selective celiac axis 
Injection is a great improvement over an 
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aortic injection, but still much of the me- 
dium escapes into the hepatic and gastric 
arteries. For a given volume of contrast 
material, a selective splenic artery injection 
delivers the most concentrated and largest 
bolus of the agent into the spleen, thus 
improving the density of the splenoporto- 
gram (Fig. 1D). Generally, also of the 
arterial methods, selective splenic artery 
injection produces the best quality veno- 
gram, although selective superior mesen- 
teric artery injection is often comparable. 
If selective splenic. artery or celiac axis 
injection is impossible, a superior mesen- 
teric artery injection will almost always 
give the necessary information, though 
larger doses are frequently required to 
obtain a result comparable to a selective 
splenic artery injection. The superior me- 
senteric arterial route of administration, of 
course, will not demonstrate the splenic 
vein. 

Another advantage of selective splenic 
artery injection over the celiac axis injec- 
tion is that filling of the left gastric artery is 
avoided, and thus the gastric bed, which is 
drained by the coronary vein, does not 
receive contrast material. The coronary 
vein, therefore, will not be opacified unless 
portal hypertension with retrograde flow is 
present (Fig. 2, 4 and B). With celiac axis 
injection, contrast material fills the left 
gastric artery and in that instance filling of 
the coronary vein cannot be considered 
abnormal; thus one criterion for judging 
portal hypertension is invalidated. Inferior 
mesenteric venous filing in retrograde 
fashion 1s valid evidence for portal hyper- 
tension under most circumstances of arte- 
rial injection, be it celiac, selective splenic, 
or superior mesenteric. 

A large bolus (50 to 75 cc.) of 76 per cent 
renografin 1s essential to obtain consistent 
results by either splenic or superior mesen- 
teric artery injection. Particularly are the 
larger doses essential when the spleen is 
enlarged or when there is portal hyperten- 
sion with mesenteric varices. With a small 
spleen of normal size, 2c to 30 cc. is suffi- 
cient. The doses used have not been at- 
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tended by any overt complication and the 
bowel has not shown any gross abnormali- 
ties at operations performed from a few 
days to months later. Some patients have 
experienced nausea for as long as 24 hours, 
but this has always subsided without fur- 
ther discomfort. Since the ultimate effects 
of large doses of currently available con- 
trast agents (renografin in this series) on 
the human bowel are not known, the selec- 
tive splenic arterial route of administration 
seems preferable. 

The use of vasodilator and vasospastic 
drugs to alter flow patterns needs further 
investigation. Kahn and Callow* have 
noted enhancement of portal venous opaci- 
fication with the use of these agents, and 
preliminary experience in this series agrees 
with their observation. 


SUMMARY 


Arterial methods for visualization of the 
portal venous system are a practical alter- 
native to conventional direct splenic pulp 
puncture. Arterial injections are applicable 
when splenic pulp puncture is contraindi- 
cated and consistently produce good opaci- 
fication. Arterial portography can be per- 
formed even in the presence of mild bleed- 
ing states, when the spleen 1s normal or 
small in size, in infective splenomegaly, 
when a previous attempt at splenic pulp 
puncture has been unsuccessful, when a 
splenoportogram reveals filling only of 
collaterals, and in patients who have previ- 
ously undergone splenectomy. 

Selective catheterization with injection 
of the splenic artery is the preferable arterial 
technique but, if catheterization of this 
vessel is unsuccessful, selective superior 
mesenteric artery injection usually pro- 
duces comparable results. When the spleen 
has been previously removed, selective 
superior mesenteric artery injection is the 
only practical method of showing the portal 
venous system preoperatively. 

Adequate visualization of the portal 
system was obtained in 85 per cent of 46 
patients in whom the arterial technique was 
used for suspected portal hypertension or 
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thrombosis of the portal vein, or for con- 
firmation of the patency of a previous 
shunt. 


Robert A. Nebesar, M.D. 
Department of Radiology 
Massachusetts General Hospital 
Boston, Massachusetts 02114 
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ARTERIAL STATIONARY WAVES* 


By PAUL F. J. NEW, M.D.t 


BOSTON, MASSACHUSETTS 


[35559 the past few years, there have 

been occasional reports concerning the 
visualization on arteriograms of an unusual 
arterial deformity—so-called stationary 
waves. To the best of our knowledge, no 
corresponding pathologic changes have 
been observed to explain the nature of this 
finding, which has, therefore, been the 
subject of considerable speculation. The 
purpose of the author is to review the avail- 
able literature on the subject and to present 
some evidence concerning the etiology of 
this arteriographic appearance. 


REVIEW OF LITERATURE 


In 1960, Theander” described a peculiar 
arteriographic appearance in large, me- 
dium-sized and small arteries in the lower 
extremities 1n 4 patients, from a study of a 
series of 217 consecutive lower extremity 
angiograms in 160 patients. In each case, 
the involved arterial segment exhibited a 
very regular series of ripple-like deformities 
or corrugations of lumen, resembling a 
string of flattened beads. He noted that the 
waves occurred proximal to some obstruct- 
ing vascular lesion in each case. In 1 patient 
embolization occurred 6 hours before angi- 
ography was carried out; in another, 4 
months previous to angiography; 1 patient 
was diagnosed as having Buerger’s disease 
and I patient had a vascular disease of 
obscure origin. 

Wickbom and Bartley” had previously 
reported a study of arterial spasm based 
upon 108 upper and lower extremity angio- 
grams performed by percutaneous cathe- 
terization. They noted that the incidence of 
spasm in the peripheral arteries tended to 
be inversely proportional to age and illus- 
trated several examples of irregular arterial 
narrowing, which disappeared following the 


intra-arterial injection of priscol. One of 
their illustrated cases appeared unique in 
that the involved femoral artery showed 
a series of strikingly regular corrugations 
with smoothly alternating areas of narrow- 
ing and relative widening. The patient was 
32 years of age and was diagnosed as having 
Buerger’s disease. The study was repeated 
3 weeks later, at which time these corruga- 
tions were even more striking and involved 
the same segment of the femoral artery 
over a distance of several centimeters. At 
the same time, the deep femoral artery 
showed a severe smooth spastic narrowing 
over a moderate distance. Following injec- 
tion of priscol through the catheter, the 
corrugations diminished, but now the whole 
vessel was smoothly narrowed.. 

Sutton,’ in 1962, reported observing this 
type of arterial deformity in about one 
dozen femoral arteriograms, approximately 
one-third of which were in patients diag- 
nosed as having Buerger's disease. He 
stated that the phenomenon is extremely 
rare in other vessels, but that he has noted 
this appearance on occasion in the iliac 
arteries and cited single examples in the 
internal carotid and in the renal artery." ?:? 

Schechter,9 discussing the incidence of 
spasm of the internal carotid arteries dur- 
ing percutaneous catheterization, men- 
tioned the so-called stationary waves and 
illustrated purported examples. 

Mayall* recently described arterial cor- 
rugations appearing in 2 branches of the 
superior mesenteric artery on aortograms. 
Mayall also reported a personal communi- 
cation from Theander, in which Theander 
states that he has seen waves in several 
additional femoral arteriograms, all but one 
showing arterial block peripherally and 
that he had also seen examples of the phe- 


* From the Department of Radiology, Harvard Medical School, and The Department of Radiology, Massachusetts General Hospital, 


Boston, Massachusetts. 


+ Instructor in Radiology, Harvard Medical School; Associate Radiologist, Massachusetts General Hospital, Boston, Massachusetts. 
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nomenon in the iliac arteries proximal to 
arterial compression used for pelvic arteri- 
ographv bv Fernstróm's method. 

The great rarity of the phenomenon of 
so-called stationary waves in the internal 
carotid artery and the finding of one clear- 
cut example in this vessel prompted a detail 
review of some 2,000 carotid angiograms 
and a consideration of the conflicting the- 
ories of origin of the phenomenon. 

Most of the reviewed carotid angiograms 
were obtained by percutaneous puncture of 
the common or proximal internal carotid 
arteries with a needle cannula. In the large 
majority, the common carotid artery was 
punctured and the tip of the cannula lay in 
the distal common carotid arterv or proxi- 
mal internal carotid arterv. In the 2,000 
angiographic studies reviewed, 4 clear-cut 


c 


examples of arteriograms (of 2 patients) 
showing arterial corrugations involving the 
cervical portions of the arteries and 2 angio- 
grams (of 1 patient) showing rather limited 
involvement, similar to that illustrated bv 
Sutton,’ were discovered. (No examples of 
the phenomenon were found in the internal 
carotid arteries of patients in whom the 
carotid svstem was catheterized.) 


REPORT OF CASES 

Case r J.R, a 28 year old male. Right 
carotid arteriography was performed several 
hours following acute subarachnoid hemor- 
rhage. The patient had not lost consciousness 
but was grossly confused and disorientated. 
The spinal fluid pressure on the day of admis- 
sion. was over $00 mm. of water, with bright 
bloody fluid. 

Quite well developed stationary waves were 
present over several centimeters of the cervical 
portion. of the internal carotid artery. The 
carotid sinus was not involved (Fig. 1, 4 and 
Db). 

Left internal carotid angiographv, on the 
next day showed a similar appearance of the 
internal carotid artery, again without involve- 
ment of the carotid sinus (Fig. 2, ¢ and B). 

Bilaterally, the carotid siphon gave rise to 
the posterior cerebral artery. On the left, there 
was also reflux into the basilar artery, with 
filling ot both superior cerebellar arteries. 

The posterior circulation was examined by 
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Fic. 1. Case 1. (4) Right carotid angiogram. Lateral 


ryn 


projection of mitial arterial phase. The lumen of 


the internal carotid artery shows a smoothly 
corrugated outline. The main bolus of contrast 
medium has passed into the intracranial vessels 
and the more dilute contrast medium in the 
cervical portion of the artery has produced a 
“banded” appearance, with alternating trans- 
verse zones of increased and decreased density 
corresponding to the alternating bulged and con. 
stricted portions of the lumen. (B) Magnification 
of the involved segment of the internal carotid 
artery at the level of C-1 and C-2, 


bilateral injections, and these revealed no 
significant abnormality. No source of hemor- 
rhage was found in this patient. 


Case n. H.R., a 20 vear old male. Right 
carotid angiography was performed to days 
after a subacute subarachnoid hemorrhage. The 
common carotid artery was injected. Arterial 
waves were Clearly visible in the internal carotid 
artery in both lateral and anteroposterior 
the posterior cerebral artery occurred via the 
posterior communicating artery. There was 
spontaneous bilateral pericallosal arterial filling. 
A 6 mm. aneurysm of the right anterior cere- 
bral-anterior communicating arterial junction 
with an apical bleb was demonstrated. There 
was no indication of spasm of the intracranial 
vessels, No lateral ventricular dilatation was 
evident. Left carotid angiography was per- 


oblique projections (Fig. 3.7). Some filling of 
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in frontal projection, with the neck somewhat rotated to the right. 





formed 2 days later. No arterial waves were 
demonstrated in the left carotid system and no 
additional aneurysms were found. 

The patient did well following an operation 
in which the aneurysm was coated with Handa 
plastics. A routine postoperative right carotid 
angiogram with internal carotid injection was 
made g months later. Corrugation, with much 
the same appearance as before, was demon- 
strated in the internal carotid artery (lig. 3, 
B and C). Again, there was no ventricular 
dilatation. The aneurvsm was somewhat larger, 
bur the apical loculus had become obliterated. 


Case ut. J.C., a 27 year old female. The 
patient presented with a subarachnoid hemor- 
rhage. A right common carotid angiogram 
showed quite marked generalized contraction 
of the entire internal carotid artery (except for 
the carotid sinus). This was most severe in the 
distal siphon and its branches were markedly 
and smoothly narrowed. A posterior com- 
municating artery infundibulum was demon- 
strated. There were also a few small arterial 
waves over a 1.0 to 1.6 cm. segment of the 
internal carotid arterv, 2 cm. distal to the 
carotid sinus (Fig. 4,7). À right carotid angio- 
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lic. 3. Case ar C4) Initial right carotid angiogram. The corrugated appearance of the proximal cervical 
segment of the internal carotid artery is visible. The carotid sinus is not involved. (B) Second right carotid 





y and 


horizontal "banding" is quite apparent. Note also that although some posterior lavering of contrast 


as the posterior wall. A very narrow layer of dense contrast material is shown chnging to the anterior wall 


34 


of the artery, clearly demonstrating the cause of the appearance of horizontal banding when the main 


contrast bolus has passed distally. (C) Magnification of the involved segment shown in B 


gram by retrograde brachial catheterization 3 
weeks later showed only slight residual narrow- 
ing of the internal carotid artery and no waves 
were visible (Fig. 45). The vertebral arteries 
were of normal appearance. 

^o aneurysm was demonstrated in this 
patient and ventricular enlargement was not 
present. A left carotid angiogram showed a few 
very minor waves over a short segment of the 


» 


internal carotid artery. 


Comment. It is interesting that in Cases 
I and u, the waves were also visible on 


E 


roentgenograms of small low pressure test 
injections of contrast medium. In all 3 
patients the carotid punctures were per- 
formed without difficulty. There were no 
intramural or perivascular injections. 

Roentgenograms showing the phenome- 
non in other portions of the arterial tree 
have been collected and studied (Fig. 5 
showing the phenomenon of stationary 
arterial waves and those from the present 
series are summarized in Table r. 
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"rst right carotid angiogram. 
visible in the internal carotid 


Fie. 4. Case HI. A) E 
Corrugations are 
artery over a short segment at the level of C-2. 


The whole internal caroud artery is narrowed, 
particularly the more distal portions and there is 
striking narrowing of the intracranial branches. 
An infundibulum is present at the origin of the 
posterior communicating artery. (B) Second right 
carotid angiogram. There is now only slight 
residual narrowing of the internal carotid artery 
and no artenal corrugations are apparent. The 
intracranial branches now appear normal in 
caliber. The infundibulum is larger and the 
posterior communicating artery has filled. 


DISCUSSION 

Detailed study of the entire series 
strongly indicated that this phenomenon ts 
an unique entity and a specific arterial 
response. The remarkable regularity and 
smoothness of the arterial deformity clearly 
distinguishes this phenomenon from such 
conditions as atheroma and fibromuscular 
hyperplasia, though there is occasionally a 
very superficial resemblance. Szilagy!? and 
others have confused the tvpical appear- 
ance of fibromuscular hyperplasia with the 
staticnary wave phenomenon. 

The arterial configuration also appears to 
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be quite distinct from the diffuse spastic 
arterial narrowing commonly encountered, 
and trom the more localized, more or less 
severe, circular spastic contractions that 
may be encountered following severe me- 
chanical irritation of the arterial wall, such 
as can be produced by catheter manipula- 
tion? and bv intramural or perivascular 
injection of contrast medium. 

Three theories have been advanced to 
D this ae arterial appearance 
(Table 11). Theander," noting that the 
waves occurred proxim ial to some obstruct- 
ing vascular lesion, but onlv when collateral 
circulation. was not plentiful, postulated 
that the longitudinal arterial pulse pressure 
waves were reflected at a site of obstruc- 
tion, to produce "standing waves," which 





Pic. 5. A 46 year old male 
lymphoma, 
selective catheterization showed stationary waves 
in 4 branches of the superior mesenteric artery, 
involving segments several centimeters long. At 


with retroperitoneal 
A superior mesenteric angiogram by 


the beginning of angiography 3 branches were 
strikingly involved and one only slightly. A little 
later in this serial angiography a fourth branch 
gradually developed waves and an increase was 
visible in the prominence of the waves in the other 
3 branches during this series. A second injection 
aie serial study showed waves in all of the 4 
branches at the beginning and persisting through- 
out. However, the waves changed slightly in 
degree during the series. The branch most 
markedly deformed is indicated by the arrow. 
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became progressively amplihed by reso- 
nance, resulting in alternate segments of 
widening and narrowing of the involved 
artery. 

Wickbom and Bartlev? included a single 
example in their group of cases exhibiting 
arterial spasm, and noted that following 
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hic. 6. Injection into the aorta via a transfemoral 
catheter showed waves in 3 jejunal branches of the 
superior mesenteric arterv Over a distance of 
several centimeters. No definite variation in. the 
wave pattern was evident through the series. 
Shght wave formation in the superior mesenteric 
artery between the origins of the involved branches 
was noted, At the third injection, there was more 
pronounced wave formation in the same segment 
of the superior mesenteric artery and now 4 
jejunal branches were involved. 
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hic. 7. C4) A 74 year old female with metastatic 
carcinoma of the liver, probably from the colon. A 
selective cellac catheterization angiogram initially 


showed no evidence of waves in the splenic artery 


on 2 injections. (B) A further selective ecliac 
angiogram d days later showed very. pronounced 
waves in 2 segments of the splenic arterv, sepa- 
rated by a distance of 3 cm. No waves were evi- 


dent at the inferior loop of the vessel. 


priscol injection into the artery, the corru- 
gations diminished. These authors believed 
the phenomenon to be due to a form of 
arterial spasm. 

Schechter,” discussing the incidence of 
spasm of the internal carotid artery during 
percutaneous catheterization, included 
mention of so-called stationary waves. 
However, his illustrations indicate that his 
findings represent more or less severe focal 


- 
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Fic. 8. A 42 year old male with chronic renal failure 
who was subjected to vascular study before renal 
transplantation, Arterial waves were demonstrated 
over an 8 cm. segment on the popliteal artery and 
there was shght generalized narrowing through the 
entire segment, 


and generalized spasm, rather than the 
phenomenon under consideration, 

Mavall discounted Thean der's theory 
regarding pulse pressure wave reflection at 
a site of branching or obstruction on the 
grounds that the pulse pressure wave length 
is considerably greater than the entire 
length of the arterial tree and that the 
energy of reflected waves is probably very 
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small after the second reflection. Present 
evidence indicates that the pulse pressure 
wave undergoes only one major reflection 
at the periphery, where the ratio of re- 
flected and incident waves 1s of the order of 
0.3 to o. c.* Owing to marked dampening in 
travel, due to viscosity of blood and the 
structure of the arterial wall, Mavall con- 
sidered that it was unlikely that the e energy 
of reflected waves was sufficient to produce 
re waves in any part of the arterial 
tree, even with the possibility of resonance. 
He en ted out that studies have indicated 
that the primary longitudinal arterial pulse 
Waves d no roentgenographically 
measurab ie change 1 Pi the diameter Bx the 


change in the diameter ofa E e 
arterial segment when the intraluminal 
pressure was raised from 100 to 300 mm. of 
mercury. 





Fic. 9. Distal (left) and proximal 
(right) femoral artery. 
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TABLE I 
Authors No. of Examples Artery Involved Material 
Wickbom and Bartley | 1957 I femoral 108 extremity angiograms 












Theander” 1960 
Sutton? 1962 | approximately 12 
occasional 
I 
Mayall 1964 I 
Present Series 6 
I 
I 
2 


I 


* Apparently reported for the first time in this artery. 


Mayall suggested that the arteriographic 
appearance of standing waves was artifac- 
tual and due to the formation of ripples 
between layered contrast material and 
overlying blood when viewed at right angles 
to the interface. He suggested that rapid 
acceleration and deceleration of blood flow 
during the cardiac cycle produced slipping 
between the 2 layers, due to the different 
viscosity and density of the fluids, resulting 
in ripples at the interface. He felt that this 
would be more likely to happen when the 
late diastolic backflow in an artery was 
increased by arterial obstruction and that 
vasodilatation resulting from priscol injec- 
tion resulted in a reduction of the backflow 
phase in the artery, which would tend to 
cause the ripples to disappear. 

Of the theories presented, that of Mayall 
can most readily be discounted. One cannot 
doubt that the phenomenon, as seen in 
different portions of the arterial tree, is 
essentially of the same nature and the ca- 


femoral and profunda | 217 lower extremity angio- 


femoris grams 
also iliac 
femoral iliac 
not known 





internal carotid 
renal 


internal carotid? Over 1,000 carotid angio- 


grams 


superior mesenteric 
branches 


internal carotid 


2,000 carotid angiograms 


femoral 

popliteal 

superior mesenteric 
and branches 

splenic* 


not known 


rotid angiograms in the present series (and 
the one illustrated by Sutton?) clearly indi- 
cate that layering has not occurred (the 
lateral studies having been made using a 
horizontal beam) and is, therefore, not an 
essential prerequisite to the appearance of 
the wave phenomenon. In addition, the 
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THEORIES 


Theander: Longitudinal arterial pulse pressure waves 
reflected at point of obstruction and resonance- 
amplified. (Frequency of associated obstructive 
arterial disease; lack of occurrence with good col- 
lateral circulation). 

Wickbom and Bartley; Schechter: Circular spastic 
muscular contractions 

Mayall: En face view of ripples at horizontal interface 
between layers of contrast medium and blood, 
caused by different rate of change of velocity when 
arterial flow rate suddenly increased or decreased; 
due to different viscosity and density of blood and 
contrast material 
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illustration by Mayall of his experimental 
results indicates that the contrast medium 
irregularities produced are quite different 
from the configuration of “stationary 
waves.” 

On the other hand, there 1s considerable 
circumstantial evidence to suggest that 
these arterial corrugations are a result of a 
type of unusual circular muscular contrac- 
tion of a spastic nature in the arterial wall. 
In many instances, it is possible to detect a 
generalized narrowing of the arterial wall 
through the involved segment. As in the 
case of common varieties of spasm, the 
condition is most frequently seen in 
younger adult patients. In general, the 
involyed arterial segments appear other- 
wise healthy. The condition occurs in 
peripheral arteries having a well-developed 
muscle layer which are known to be prone 
to spastic contraction when irritated by 
various means. Generalized spastic narrow- 
ing and corrugations not infrequently co- 
exist in the same or in adjacent branches 
anc may appear sequentially in the same 
artery. Occasionally, there is a visible in- 
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crease in the extent of the waves in one or 
more arterial branches with further con- 
trast injections during an angiographic 
procedure. 

In the internal carotid artery, the condi- 
tion apparently tends to be associated with 
subarachnoid hemorrhage (which had oc- 
curred in each of the 3 cases reported here), 
in which condition there is increased arte- 
rial irritability and a tendency to spasm. 
However, the finding of stationary waves 9 
months following the hemorrhage in Case 
u is not readily explained on this basis. In 
the carotid system, waves appear not to 
involve the carotid sinus or the common 
carotid artery, both of which are usually 
spared in spasm of this portion of the arte- 
rial tree. On the other hand, the phenome- 
non has not been seen in the intracranial 
portion of the internal carotid artery, a 
segment frequently the site of spasm. 

The condition has not been described in 
the vertebral artery, a vessel in which 
spasm is rarely, if ever, visualized. 

Against the Theory of Spasm. The re- 
markable regularity or “periodicity” of the 
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Fic. 10. The wavelengths of the corrugations in the involved arteries have been plotted against the diameters 
of the respective arteries taken just proximal to the segments involved. 
@ internal carotid artery (Cases 1 and rrt. Reliable measurements could not be obtained in Gide I.) 


A popliteal artery 
Bl superior mesenteric branches 
[] splenic artery 


A femoral artery (64 year old male with severe generalized arteriosclerosis; see text.) 


undulations of the 
degree of symmetry 


> vessel lumen, with a high 
around the entire 
cumference of the arterv involved, 1s in 
striking contrast to the irregular contrac- 
tions of the artery wall seen in well docu- 
mented examples of segmental arterial 
spasm, This marked regularity is seen over 
long arterial segments and contrasts with 
the irregular muscular contractions occa- 
sionally encountered in the arterial tree and 
in other muscular tubular organs. These 
features suggest a fundamental difference 
between the wave phenomenon and muscu- 
lar spasm, 

The regularity of the phenomenon, on 
the other hand, is h ighlv compatible with a 
passive mechanical deformation, such as 
might be caused bv resonance of arterial 


cir 


pressure waves, reflected from a point of 


arterial obstruction or a site of high periph- 
eral resistance, as in the case of consider- 
ably elevated intracranial pressure com- 
monly present immediately following acute 
subarachnoid hemorrhage. It is interesting 
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{ and B) Initial cystourethre ogram, (C) 
Cystourethrogram on the following day. 


to note that these waves have not been 
reported in the larger intracranial arteries, 
in which diffuse spasm is frequently seen 
(as in Case tt of the presently reported 
series). This may be due to the thinner 
walls oi intracranial arteries, but also sug 
gests that the waves are not due to we 
muscular contractions. 

Measurement of the wave length of the 
stationary waves in arteries of various 
calibers in the collected cases shows a good 
correlation with arterial diameters (Fig. IO 
in all but 1 case (that of femoral ar terial 
Ne n = only po E Pu ient 1n 


M 


M diee. T n reason E d 
single discrepancy is not clear. Marked loss 
of elasticity of the arterial wall would be 
expected to reduce the hkelihood of sta- 
tionarv wave occurrence, whether the phe- 
nomenon be due to resonance amplification 
of reflected arterial pressure waves or to 
spastic contractions of the arterv, and, if 
due to the former, alteration of the fre- 
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quency of the waves would not be antici- 
pated. 

No correlation was found between the 
amplitude of the waves and arterial diam- 
eters, or between wave length and ampli- 
tude. If amplification by resonance of the 
reflected pressure waves is required before 
the arterial wall is thrown into undulation, 
a very particular set of physical conditions 
would have to be met for the phenomenon 
to occur. This would explain the low inci- 
dence of the finding. The action of vaso- 
dilators, in decreasing peripheral resistance, 
could explain those cases in which arterial 
waves were abolished or reduced by this 
means. 

In none of the cases reported here was 
there an opportunity to examine the in- 
volved arterial segments by surgical expo- 
sure, Previous reports of the phenomenon 
have not mentioned direct examination of 
the arterial walls in the affected segments. 

One of the patients included in this series 
succumbed to lymphoma some time follow- 
ing abdominal angiography. The mesen- 
teric arteries were unfortunately not stud- 
led by postmortem angiography, but serial 
sections of the mesenteric arteries revealed 
no pathologic changes. 

During the course of the present study, a 
voiding cystourethrogram was discovered 
which demonstrated a wave pattern in a 
segment of the cavernous portion of the 
urethra, a highly elastic organ devoid of 
muscle (Fig. 11, 44 and B). The wave pat- 
tern was seen in cystourethrograms ob- 
tained both during and after voiding 
against meatal occlusion. The wave pattern 
presented a remarkable resemblance to that 
seen in arteries. Another cystourethrogram 
made on the following dav showed no waves 
during voiding against a closed meatus 
(Fig. xx C). Thus, the functional nature of 
the phenomenon was clearly indicated. 
Obviously, the appearance in this organ 
cannot be ascribed to muscular action. On 
the other hand, sudden voiding against a 
closed urethral meatus would be expected 
to produce conditions under which a pro- 
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nounced reflection of a pressure wave could 
occur. In a very elastic tubular organ, such 
a pressure wave could well undergo reso- 
nance to produce the effect noted. The ratio 
of the wave length to diameter corresponds 
closely with that found in the arterial cor- 
rugations studied. 


SUMMARY 


Six angiograms (of 3 patients) showing 
stationary wave formation involving the 
internal carotid artery were found on de- 
tailed review of 2,000 carotid angiograms, 
an incidence of 0.3 per cent. In general, the 
carotid changes were less striking than 
those seen in many other peripheral arteries 
involved in other patients. Subarachnoid 
hemorrhage had occurred in each patient. 
These patients were all young adults, each 
in the third decade. 

A series of roentgenograms of this condi- 
tion in other arteries, including an example 
in the splenic artery, involvement of which 
has not previously been recorded, confirms 
the striking similarity of the arterial con- 
figuration, independent of the artery in- 
volved. The findings indicate that the 
phenomenon is not an expression of seg- 
mental arterial spasm and evidence is pre- 
sented to confirm the theory of Theander, 
that the appearance is due to a passive 
change in the arterial wall resulting from 
reflection of the arterial pressure wave, 
amplified by resonance. 


Department of Radiology 
Massachusetts General Hospital 
Boston, Massachusetts 02114 


The author is indebted to Dr. M. A. Bosniak 
for the angiograms and information relating to 
Cases Iv and v, to Dr. M. LeMay for Cases v1, 
vit, Ix, and to Dr. K. Rabinov for Case viir 
and wishes to express gratitude for their inter- 
est and cooperation. The author also wishes to 
record his appreciation of Dr. M. N. Schechter's 
kindness in making available for study some of 
the angiograms which formed a part of his 
published work on percutaneous carotid 
catheterization. 
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A NEW INSTRUMENT: CONTROLLABLE GUIDE 
FOR ANGIOGRAPH Y* 


By MARK H. WHOLEY, M.D., 


PITTSBURGH, 


CONTINUING progress in technical 

developments relative to selective vas- 
cular examinations has occurred since 
Seldinger! first described his method for 
percutaneous arteriography. The incor- 
poration of certain opacifving agents within 
the walls of low density polyethylene and 
polytetra fluorethylene (teflon) catheters 
simplified the fluoroscopic approach to 
most major vessels; however, a small group 
of vessels, including the coronaries, bron- 
chials, inferior mesenteric. and adrenals, 
requires more catheter control for uniformly 
successful examinations. With this in mind, 
we have constructed a self controlled avide 





wire adaptable to all catheters (Fig. 1, Z 
ando." 
The basic instrument allows the catheter 


tip curve radius to vary from o.5 inch to 
approximately 2 inches (Fig. 2). In addition 
catheter rotational recoil is eliminated 
since the guiding mechanism allows a 1.1 
ratio between the turning of the external 
catheter guiding mechanism and the turn- 
ing of the internal direction of the catheter 
tip. The main body of the catheter guide ts 
a .o18 inch or <02% inch in diameter 304 
stainless steel tube of either so, 80, or 100 
cm. length, depending on the catheter used. 
The inside diameter of this tubing is .o1o 
inch allowing for the insertion of a .007 
inch stainless steel wire which is used to 
apply force to the tip flexing member, caus- 


ing this member to bend in the direction of 


the free wire. 

One end of the .007 inch wire is extended 
approximately 2 inches bevond the catheter 
body tubing and silver-soldered to a second 
piece cf stainless steel tubing which is laid 
back along the force wire and silv er-soldered 
to the catheter guide body. The lower end 


* Medrad Inc., Pittsburgh, Pennsylvania 1523 


aud VICTOR JACKMAN 


PENNSYLVANIA 





o 


lic. 1. Controllable guide instrument. (A) Tip of 
guide demonstrating tubing and inner wire. (B) 


Handle of the guide is detachable. 


of the catheter guide body is fitted with a 


small sleeve which is silver-soldered to the 
catheter body and the entire assembly is 
screwed into a matching hole on t the face of 


the upper level plate (Fig. 3). 





Fic, 2. Double exposure showing tip of controllable 
guide at tip of catheter in neutral position. Pres- 
sure applied to proximal lever results in controlled 
flexion, When guide is withdrawn from the 
catheter tip 1 to 2 cm., the distal limb of catheter 
curvature is increased. 


* From the Department of Radiology, University of Pittsburgh School of Medicine, The Veterans Administration Hospital, AL 
legheny Valley H and the Instrument Section of Mellon Institute, Pittsburgh, Pennsylvania, 
This work was supported by the American Cancer Society Institutional Grant j 951638. 
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Fic. 3. Line drawing of controllable guide instrument. 


The force wire extends through the 
sleeve and the upper lever plate to a hole 
bored in a matching lower lever plate 
where it is mechanically fastened to the 
lower plate and proper tension is fixed. 
When bending of the catheter tip is re- 
quired, the lever plates are compressed. 
This pulls the force wire, causing the flex 
arm to bend. If the bend is not in the proper 
direction, the lever plates are released. 
When the assembly is turned in the proper 
direction, the lever plates are compressed 
again, When the catheter is in place, a 
small amount of contrast medium is 1n- 
jected for position accuracy and the guide 
wire mav then be removed. In the event 
that the guide wire is damaged, it may be 
released from the actuating lever and an- 
other inserted. Experience has shown that, 
in order to maintain flexibility and yet re- 
tain spring action, tubing of .o18 to .025 
inch diameter is the most satisfactory of 
the materials evaluated. 

Figures 4, 3 and 6 demonstrate the 
application of the guide instrument in a 


red Ódman catheter. In addition to being 
able to control the catheter, for insertion 
into inaccessible vessels it is also feasible 
to utilize smaller thin walled catheters in 
the range of 2 mm. external diameter. Ex- 
perience has shown that complications at 
the puncture site occur less often with the 
smaller catheter svstems and, consequently, 
the ischemic effects. of larger catheters 





Fic. 4. Selective bilateral internal ihac arteriogram 
with catheters in position. Early arterial phase in 
a case of carcinoma of the bladder floor. 
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Fic. g. Selective bronchial arteriography in a case 
of proven bronchogenic carcinoma. Note tumor 
circulation in the mass adjacent to the right hilus. 


within branch vessels can be avoided. This 
has particular application in the coronary, 
bronchial and interior mesenteric circula- 
tion. With the bronchial and inferior 
mesenteric circulation, the red Odman 
catheter is inserted via the femoral artery. 
For the coronary circulation, the axillary 
artery is punctured and a red Odman or 
small 160 polyethylene catheter may be 
used. Because of the soft flexible tip of the 
polyethylene catheter, there is essentially 
no trauma to the coronary ostia. 

Recently we have modified the control 
handle, as illustrated in Figure 7. 

Additional applications of the guide wire 


i UNE, I ght 





hic. 6. Normal selective renal arteriogram. 


include vertebral artery catheterization, 
control of the catheter so that the descend- 
ing aorta may be entered when being ap- 
proached from a tortuous arch after axil- 
lary insertion, the left common carotid 
artery from the aortic arch, selective ex. 
ternal and internal carotid. examinations, 
subsegmental hepatic arteriography as well 





Fic. 7. Modified control handle and guide assembled 
in a red Odman Ledin catheter. 


Vor. 97, No. 2 


as adrenal venography by catheterization 
of the adrenal vein. 


SUMMARY 


A new controllable guide adjustable for 
use in all intravascular catheters has been 
constructed. The purpose has been to sim- 
plify the approach in most catheterization 
procedures, allowing complete catheter con- 
trol and ultimately decreasing the necessity 
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for large thick. walled catheters for the 
selective vessel examinations. 


Mark H. Wholey, M.D. 

Veterans Administration Hospital 
University Drive 

Pittsburgh, Pennsylvania 15240 
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TIMING DEVICE FOR CINEANGIOCAR DIOGRAPHY* 


By M. PAUL CAPP, M.D., MADISON S. SPACH, M.D., and 
AARON R. LEVIN, M.R.C.P. (Eprs.)1 


With the technical assistance of Mr. Lewis WALTERS 
DURHAM, NORTH CAROLINA 


G TECIE angiocardiography has be- 
come an integral part of cardiac cathe- 
terization during the past decade. This 
procedure has been used primarily for (1) 
precise clarification of the anatomic nature 
of cardiac abnormalities and (2) gross de- 
tection of abnormal circulatory pathways. 
Recent studies by Dodge and co-workers,! 
Wood et al. and studies in progress in our 
laboratory? have scored the value of anal- 
ysis of angiocardiographic data for study- 
ing cardiac hemodynamics. 

Cine-studies of the timing of intracardiac 
shunts and analysis for changes in left 
heart volumes require precise timing of the 
individual frames as related to the cardiac 
cycle. In this report a simple timing device 
for accurate recording of individual cine- 
frames for such studies is described. Biplane 
cineangiocardiography is used for contrast 
studies in our laboratory, but it must be 
emphasized that the timing device is 
equally practical for any uniplane roentgen- 
ray system. Additional recording equip- 
ment includes a multichannel photographic 
and magnetic tape recorder. During the 
flming of biplane cineangiocardiograms, 
the electrocardiogram, pressure tracings 
and roentgen-ray pulses of the anteropos- 
terior and lateral cine-frames at 60 per 
second are recorded simultaneously. 

A schematic drawing of the phototube 
and accompanying circuitry is presented 
in Figure 1. The RCA 922 vacuum photo- 
tube is covered with a zinc sulfide fluo- 
rescent screen and the entire device is en- 
veloped with insulating tape. It is posi- 
tioned in the fringe of the roentgen-ray 
beam, preferably between the focal spot 
and shutter such that it does not interfere 





Fro. 1. Circuitry for phototube device. An RCA 922 
phototube is powered by a 45 volt battery. The 
o.2 millivolt output of the device 1s recorded via 
push-pull connections to an A-C coupled pre- 
amplifier (e.g. a rapid response electrocardio- 
graph). Two such units are utilized for the biplane 
cineangiocardiography and the entire circuitry can 
be enclosed in a unit as small as 3X 3 inches. 


with cine-filming. With each roentgen-ray 
pulse, the phototube output of 0.2 milli- 
volts is fed to the output of an A-C coupled 
differential amplifier. Due to the distance 
between the roentgen ray and recording 
equipment, a lengthy (20 foot) cable is 
required to connect the phototube device 
with the recording unit. If biplane studies 
are used, a separate phototube unit is re- 
quired for the vertical and horizontal axes. 

The timing of the data recorded with 
these units is illustrated in Figure 24. 
During cine-filming, the electrocardio- 
gram, right ventricular pressure, and pulses 
corresponding to the individual cine-frames 
of the two units are recorded photographi- 
cally at a slow paper speed (10 mm. per 
second) and on magnetic tape. Following 
the study, the data are played back for 
time expansion. Figure 28 shows the 
facility with which the individual cine- 
pulses can be correlated with the exact 


* From the Departments of Radiology and Pediatrics, Duke University Medical Center, Durham, North Carolina. 
Supported in part by USPHS Granta number H-3549 and HTS-5372. 
T Trainee of National Heart Institute, National Institutes of Health, USPHS, 
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lic. 2. Data recorded during 
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left ventricles for selective left ventricular angiocardiography. (4) The outputs of the anteroposterior anc 
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cineangiocardiography. Catheters were positioned in both right and 
i 


lateral phototube devices were recorded simultaneously with the electrocardiogram and right ventricular 
pressure, The arrow indicates the onset of the injection of contrast medium. Premature ventricular beats 


occurred coincident with the injection. (B) The data recorded in Æ were stored on tape and played back 


for time expansion (200 mm./second). The cardiac cycle shown illustrates the facility with which in- 
dividual frames can be related to cardiac events. (C) Oscilloscopic tracing of phototube outputs with 
alternate firing of the anteroposterior and lateral cine-units at 60 pulses per second. 


m 


Since the cine-magazine reaches full 
speed prior to initiation of roentgen-ray 


time of the cardiac cycle during which each 
frame was exposed. There was no signifi- 


cant pulse-time delay (less than 1 micro- 
second) through the lengthy cable, elec- 
tronic system and image intensifier tube. 
This was verified by comparison with an- 
other phototube svstem located at the 
output phosphor and connected directly to 
an oscilloscope, thereby bypassing the 
lengthy cable and electronics. 


pulses, the number of recorded pulses and 
corresponding number of cine-frames are 
always equal in number. Figure 2C is an 
oscilloscopic tracing of the wave form 
output from both phototubes during bi- 
plane cineangiocardiography with alter- 
nate fir ing : of the anteroposterior and lateral 
cine-units. Note that the recorded pulses 
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Correlation of cine-frames to the cardiac cycle. Lead u of the electrocardiogram is shown at the top. 


The bottom two lines represent simultaneous right and left ventricular pressures. The middle graph is the 
resultant pressure gradient between the right and left ventricles. The boxed-in part of the gradient is shown 
below. Each cine-frame is correlated to the pressure gradient as it occurs during the cardiac cycle by means 


of the phototube timing device. 


trom the two units are go? out of phase. 
Figure 3 illustrates the practical applica- 
tion of the phototube timing device. Eight 
cine-frames are shown of a child with 
tetralogy of Fallot with injection in the left 
ventricle, left anterior oblique position. 


Beginning on the second cine-frame, the 
initial left-to-right shunt through a ven- 
tricular septal defect was noted and a 
second left-to-right shunt was noted be- 
ginning on frame No. 6. By correlating 
each cine-frame with its corresponding 
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pulse (indicated in Figure 2), one can relate 
any cine-frame to its specific part of the 
cardiac cycle. The boxed-in area represents 
the pressure gradient of the left and right 
ventricles during isometric ventricular re- 
laxation, ventricular diastole and 1somet- 
ric ventricular contraction. Therefore, the 
left-to-right shunts occur during early 
diastole and isometric ventricular contrac- 
tion. 


SUMMARY 


A simple phototube timing device 1s 
described to relate individual cine-frames 
to the particular part of the cardiac cycle 
during which they occur. À practical appli- 
cation of the use of this device 1s also il- 
lustrated. 
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A CURVED-TIP GUIDE WIRE FOR THORACIC AND 
ABDOMINAL ANGIOGRAPHY* 





by ROBERT A. NE 


BESAR, M.D.,t and JAMES J. POLLARD, M.D.t 


BOSTON, MASSACHUSETTS 


ORTUOSITY and atherosclerosis, es- 

pecially of the iliac arteries, frequently 
prohibit the re etrograde passage of a stan- 
dard guide wire or catheter in elderly or 
hypertensive patients. Recently, Baum and 
Abrams? described a catheter whose tip was 
formed to conform to the letter “J”. Be- 
cause its leading edge was smooth, it 
readily negotiated tortuous arteries other- 
wise impossible to traverse. 

The major disadvantage of the J-shaped 
catheter 1s the need to replace the angio- 
graphic catheter with the J-catheter if an 
obstruction is encountered. Once the ob- 
striction 1s traversed, a second change is 
necessary, changing back to the angio- 
graphic catheter from the J-catheter. With 
each catheter change, there is some chance 
of additional arterial trauma or, particu- 
larly, of hematoma formation. 

In this communication a curved-tip 


guide wire which has all the advantages of a 
“J? tip catheter, but has the important 
additional advantage that a catheter change 
is not required each time an obstruction is 
encountered is described. 


THE CURVED-TIP GUIDE WIRE 


The curved-tip guide wire* consists of a 


standard coiled sprirg guide wire, currently 
used withYthe Seldinger technique,’ in 
which the terminal 1.5 cm. of the 6 cm. 
flexible segment assumes a curved con- 
figuration 8 mm. in diameter (Fig. 1). The 
curved flexible portion of the wire easily 
straightens while passing through the 
needle or catheter, but once within the 
vessel it reassumes a J-shape. Its leading 
edge 1s thus converted into a smooth flex- 
ible segment with all the uses of the J- 


* Manufactured to the authors’ specifications by C. Christian, 
2741 Kyle Ave, No., Minneapolis, Minnesota $5422. 





Fic. 


1. Tightly curved-tip guide wire. 


* From the Department of Radiology, Massachusetts General Hospital, Boston, Massachusetts. 
f Assistant in Radiology, Harvard Medical School, Boston, and Assistant in Radiology, Massachusetts General Hospital, Boston, 
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shaped catheter, but with the additional 
advantage that catheter changes are not 
necessary. The technique emploved with 
this wire is simply to pull the tip of the 
catheter back a short distance trom the ob- 
struction, pass the guide wire through the 
catheter until the flexible curved tip of the 
guide wire has passed completely through 
the tip of the catheter and reassumed its 
J-curve, pass the curved guide wire and the 
catheter along with it by the obstruction, 
and then remove the curved-tip guide wire. 

The curved-tip wire has been useful in 
traversing tortuous and atheromatous iliac 
arteries during retrograde catheterization 
of the abdominal aorta (lig. 2), and in 
negotiating passage into the thoracic aorta 
via axillarv arterv puncture. This curved- 
tip guide wire has also proved valuable in 
severe atheromatous where a 
straight wire or catheter constantlv engages 
atheromatous plaques. It has also been 
useful when severe atheromata in the aorta 
prevent further advancement of a catheter 
during selective catheterization of the 
branches of the abdominal aorta. During 


disease 
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Fic. 2. Angiogram of iliac artery in which obstruc- 


easily traversed by curved guide wire, 


attempts at selective catheterization, 
searching for the orifice of the desired 
branch vessel may require repeated ascend. 
ing and descending passes of the catheter 
tip by the area of origin of the vessel. In 
the atheromatous aorta, the catheter tip 
may be arrested in an upward passage, and 





Fic. 3. Widely curved-tip guide wire. 


SIO 


even the introduction of a straight guide 
wire may not be successful in further ad- 
vancement. In these cases the utilization 
of a curved-tip guide wire has allowed ad- 
vancement upward to the desired position 
above the orifice of the branch vessel to be 
catheterized. We formerly employed a “J” 
shaped catheter in this situation, but found 
that although only a modicum of additional 
time was needed for a single catheter 
change, the multiple changes which were, 
on occasion, necessitated by difficult selec- 
tive branch vessel catheterization of a 
severely atherosclerotic aorta consumed 
corsiderable time. 

In elderly patients a catheter introduced 
from the left axillary artery frequently 
passes into the ascending aorta rather than 
the descending aorta as desired. A guide 
wire with a widely curved tip (Fig. 3), sim- 
ilar to that first described by Amplatz and 
Harner, may enable passage of the catheter 
down the descending thoracic aorta. We 
have not, however, found this particular 
type of guide wire useful in negotiating a 
tortuous atheromatous subclavian or iliac 
artery, as the leading point is usually the 
sharp tip of the wire. 

Curved-tip guide wires, with either tight 
or wide curved tips, have also frequently 
assisted in guiding the tip of the catheter 
from the selectively catheterized celiac 
axis further on into the splenic, hepatic and 
left gastric arteries. Even selective cathe- 
terization of more distal branches of these 
vessels, such as the gastroduodenal artery, 
has sometimes been aided by the use of 
curved tip wires. 

The tightly curved-tip guide wire has 
been utilized in over 40 instances of difficult 
catheter passage and it has been instru- 
mental in successfully obtaining angio- 
grams in the majority. Gentle manipula- 
tion and avoidance of forceful movement 
against resistance have always been the 
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cardinal precepts to avoid the risk of intra- 
mural passage with dissection of the ar- 
terial wall, of dislodgment of a plaque, or 
of arterial spasm. By following these pre- 
cepts, there have been no complications us- 
ing the tightly curved-tip guide wire. 


SUMMARY 


A curved-tip guide wire, which is a 
Seldinger type of guide wire in which the 
terminal portion of the flexible end is 
formed into a tight curve, is described. 
This wire has proved useful during angio- 
graphic procedures in negotiating athero- 
matous and tortuous iliac and subclavian 
arteries as well as in the aorta when the 
usual wires and catheters have encountered 
obstruction. A similar wire with a wider 
curved tip has aiced in passage of a 
catheter into the descending thoracic aorta 
from the axillary or brachial approach in 
elderly patients. Both tight and wide 
curved-tip guide wires have aided in selec- 
tive catheterization of the branches of the 
celiac axis. The tightly curved-tip guide 
wire can be utilized under the same condi- 
tions as a J-shaped catheter but has the 
great advantage tha: a catheter change is 
not required each time an obstruction is 
encountered. 


Robert A. Nebasar, M.D. 
Department of Radiology 
Massachusetts General Hospital 
Boston, Massachusetts 02114 
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THE FLOPPY WIRE AS AN AID IN ARTERIAL 
CATHETERIZATION * 


By PLINIO ROSSI, M.D., and CRESCENCIO CUEVAS VERDU, M.D. 


NEW YORK, NEW YORK 


D THE past few vears advances in sur- 

gical and roentgenologic techniques for 
study of the vascular svstem have enabled 
the surgeon to extend the term "operable 
case" to a large number of patients of ad- 
vanced age with extensive vascular disease. 
The success of surgery depends upon two 
factors: (1) complete clinical and roent- 
genographic evaluation of the case, and 
(2) surgical technique. Roentgenographic 
evaluation comprises the demonstration of 
the site and number of lesions, the extent of 
the block, and the status of the run-off. All 
this information must be obtained regard- 
less of the age of the patient and the extent 
of the lesion, 1f any surgical reconstruction 
is to be considered. 

For this reason we would like to stress 
the importance of roentgenographic tech- 
niques in obtaining such data. The modern 
radiologist should be well versed not only 
in the interpretation of the vascular studies 
but also in the means by which these 
studies mav be obtained. 

One of the great difficulties in arterial 
catheterization in elderly persons is offered 
bv the marked tortuositv of the arteries 
(iliac, subclavian and aorta) and extensive 
arteriosclerotic plaques. The use of a 
straight stiff catheter or a wire with a 3 cm. 
flexible tip may be dangerous in that a 
forceful attempt to overcome the difficulty 
encountered 1n advancing the wire mav re- 
sult in undesirable situations. 

These consist of perforation of the arterial 
wall already damaged by the disease (Fig. 
14); subintimal insertion of wire and 
formation of a new channel under an 
atheromatous plaque (Fig. 1, B and C); 
dislodgment of an atheromatous plaque 
with formation of a free embolus (Fig. 1D); 
and bending of the wire at the junction be- 


tween the Hexible part and the inner core 
with the possibility of fracture and loss ot 
its flexible tip (Fig. 1E). 

To overcome this dificulty without dam- 
age to the wall of the artery, many tech- 
niques have been suggested. Baum and 
Abrams? suggested the use of a J-shaped 
polvethylene catheter for a tortuous vessel. 
Viamonte and Stevens? described a special 
curved catheter with a soft flexible, tapered 
radiopaque tip and a semirigid bodv. The 
curve of the catheter can be varied in de- 
gree by advancement and withdrawal of a 
metallic stvlet. The complete advancement 
of the stylet results in straightening of the 
catheter and, upon withdrawal of the 
stvlet, the catheter will resume its former 
shape. Amplatz ef a7.,! in describing selec- 
tive catheterization of the brachiocephalic 
vessels, mentioned the use of a guide wire 
with a curved tip and with the flexible part 
9 inches in length. Rilev, Hanafee, and 
Weidner? reported the use of a double 
catheter assemblv in traversing a tortuous 
arterv and in the catheterization of the 


E I~ F5: 
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Fig. 1. Sketch showing the bend of the conventional 
wire when an obstacle is encountered (1, 2) and 
the complications which may arise if undue force 
is applied to the wire (A, B, C, D, E-—-see text). 


* Presented at the meeting of the American Society of Neuroradiology, Atlantic City, New Jersey, June t1, 1965. 
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Fic. 2. Applications cf the floppy wire. (4) 
| Different steps in the formation of the loop 
of the flexible part a* the bend in the course 
of the artery (1, a and b; 2c). (B) Bend with 
arteriosclerotic plaques. (C) Small vessel 
arising from the convexity at the bend of the 
artery. 





abdominal aorta. The outer catheter is of a modified Seldinger wire with a flexible 
straight while the inner catheter is curved. tip of 6 to 8 inches in length very conven- 
The advancement or withdrawal of the ient. This is commercially available with a 
inner catheter will decrease or increase the 6 inch* tip or can be readily obtained by 
curve of the tip. 

In our experience, we have found the use + Catalog gor-oorg—B & D. 


moral 
obstacles caused 


Fic. 5. Transfe 
passing 
the subclavian artery (8). The tip of the wire is within the thyrocervical trunk 


of the loop (L) in the Hexible part of the wire 
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catheterization of the left axillary artery. 
by the orifices of small arteries at the 


e and its extension into the sub 


amet 
t d 
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The use of the floppy wire is lustrated in P 
bend of the artery. (4 and B) Catheter 
(The). Note the E 


clavian artery lumen. (C) The 


catheter is advanced over the wire. (D) Upon withdrawal of the wire, a small injection of contrast material 


is made to test the position of the catheter. 


partial withdrawal of the removable inner 
core of a stainless steel spring guide,* so 
that the flexible part is increased to the 
needed length. The term “fHoppvy” has been 
used for Ec. wire because of 1ts extreme 
flexibility; its applications can be divided 
into two eon ps: (1) as a loop in difficult 
arterial or left ventricular catheterizations, 
and (11) as a guide in selecting the vessel to 
be catheterized. 


* Catalog #5G-3sm--U.S, Catheter. 
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use of a Hoppy wire is su 


TECHNIQUES 
GROUP I 
A. Difficult. Arterial Catheterization, Fhe 
ggested when, du 

ing introduction of a conventional metallic 
wire within the arterv, an obstacle 1s met 
which cannot be bypassed bv gentle pres- 
sure on the wire. The conventional wire is 
then replaced by the floppy wire which, 
once its tip 1s at the site of obstruction, will 
bend somewhere between the tip and the 


ifs 


514 












> 


AO OF amm me mee tie 

-——À t "- 

edi a, 
- 


ee 
Nr ass -m 


OMS iat m mm m t sa, 


a. s mm 


Fic. 4. Schematic drawing illustrating the passage 
through the aortic valve with the use of the 
floppy wire. The steps in the formation of the 
loop in the flexible part of the wire and its eventual 
entry into the left ventricle are designated by A, 
B and C. 


junction with the stiff part (Fig. 2.4). If 
further pressure is applied on the wire, the 
initial bend will result in a complete loop 
of the flexible part while the tip is anchored 
at the arterial wall (Fig. 2, B and C). This 
loop then acts as a new tip within the lumen 
of the artery and may be introduced further 
without applying any direct pressure on the 
obstacle. The catheter is then advanced 
over the wire, which is slowly withdrawn. 
We have found the floppy wire of great 
help in the following cases: (1) sharp curve 
in the course of an artery (Fig. 24); (2) 
bend with arteriosclerotic plaque (Fig. 28); 
and (3) small vessel arising from the con- 
vexity of the artery at the bend, for ex- 
ample, the thyrocervical trunk or vertebral 
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artery (Fig. 2 C; and 3, A-D). 

In cases with marked narrowing or com- 
plete obstruction of the artery, the use of 
the floppy wire will not be of help, and 
further manipulation is not recommended. 


B. Left Ventricular Catheterization. A simi- 
lar technique may be used in passing 
through the aortic valve when several 
attempts with a catheter have failed. The 
tip of the wire is anchored within a sinus of 
Valsalva and the loop which is formed will 
eventually enter the aortic osttum (Fig. 4, 
A, B and C). Care must be taken to avoid 
entering the coronary arteries. 


GROUP II 


A. Selective Catheterization of the Brachio- 
cephalic Trunks. A U-shaped catheter is 
advanced from the axillary artery and 
placed within the ascending aorta. Once 
free within the aorta, the tip will assume its 
former shape and therefore point toward 
the orifice of the great vessel. A floppy wire 
is then introduced into the catheter until it 
extends far beyond the catheter tip (Fig. 
54). Due to the flexibility of the wire, the 
catheter shape is not disturbed and the tip 
of the wire will point in the same direction 
as the catheter. By further advancement of 
the wire and combined manipulation, the 
tip will enter the desired artery arising 
from the aortic arch (Fig. 58). The posi- 
tion of the wire indicates the artery en- 
tered, and once the wire is in place, the 
catheter can easily be introduced by fol- 
lowing the leading wire (Fig. 5C). 


B. Selective Hypogastric Artery Catheteriza- 
tion. A moderately soft radiopaque catheter 
with a U-shaped curve is advanced from the 
femoral artery into the abdominal aorta 
(Fig. 64, 1). The catheter, straightened by 
its passage into the aorta, is made to re- 
sume its shape by engaging the tip in one 
of the orifices of a small branch of the ab- 
dominal aorta and by further advancement. 
The tip of the catheter then points down- 
ward to the aortic bifurcation (Fig. 64, 2). 


(Text continued on page 518) 
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Fic. ¢. Transaxilary catheterization of the 
brachiocephalic trunk. (4) Schematic draw- 
ing illustrating the position of a U-shaped 
catheter (L) within the aorta and the 3 
different arteries (a, b, c) which can be en. 
tered by the tip of the floppy wire once it 
extends beyond the end of the catheter. 
(B) U-shaped catheter advanced from the 
left axillary artery and placed within the 
ascending aorta (a). The floppy wire has 
passed through the catheter and has now 
entered the left common carotid artery 
(LC), S=subclavian artery. (C) Catheter 
within the left common carotid artery. Good 
visualization following injection of contrast 


medium. ca catheter in subclavian artery: 
s th=superior thyroid artery; ic= block of 


internal carotid artery. 
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Fic. 6. Selective bilateral hypogastric artery 
catheterization. (7) Step in placement of the 
catheter and wire within the hypogastric 


artery (see text). 1=U-shap 











| dd catheter 
within the aorta; 2==wire entering the hy- 
pogastric artery. Note the separation from 
the catheter traversing the external ilac 
artery. (B) Wire and tip of the catheter 
within the hypogastric artery. hy a= 
hypogastric artery; ETA=external hac 
artery. (C) Bilateral hypogastric artery in- 
jection, with demenstration of a larg 
uterine fibroid. Note the excellent visualiza- 
tion of the small branches of the hypogas- 
tric artery. ua — uterine artery. 
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Fic. 7. Schematic drawing demonstrating the use of 
the floppy wire in transaxillary catheterization to 
direct the tip of the catheter into the descending 
aorta, when marked arteriosclerosis and elongation 
are present. À c-shaped catheter (B) is advanced 
from the left axillary artery into the aorta. The 
tip of the catheter is made to point toward the 
descending portion of the aortic arch. A floppy 
wire (A) is then advanced through the catheter 
into the descending aorta for several centimeters. 
The catheter is then advanced over the wire. 





nid 





tion. Gf) Injection within the celiac trunk. 


t 
s=splenic artery. (B) Floppy wire (P3 is 


splenic artery. (C) The catheter is then 


advanced a few centimeters into the sple- 


nic artery (s) following the wire. c= celiac 
trunk; s=splenic artery; h-hepatic ar- 
terv; gd — gastroduodenal artery. 
* 
e 
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The floppy wire is advanced through the 
catheter and its tip is made to extend far 
beyond the catheter end. As in catheteriza- 
tion of the brachiocephalic vessels, the ex- 
treme flexibility of the wire avoids change 
in the curve of the catheter. By combined 
manipulation of the catheter and wire, the 
tip of the wire is placed, first, within the 
iliac artery, and, subsequently, into the 
hypogastric artery (Fig. 65). The catheter 
is then slipped in without difficulty over the 
wire and the wireis withdrawn (Fig. 6C). 


C. Otker Uses. Other uses of the floppy wire, 
catheterization of the descending aorta in 
arteriosclerotic cases and selective cathe- 
terization of the splenic artery, once the tip 
of the catheter 1s within the celiac trunk, 
are shown in Figure 7; and 8, 4, B and C. 


CONCLUSION 


In over 350 cases, the use of a floppy wire 
has proven to be of considerable help in 
overcoming difficulties commonly encoun- 
tered in arterial catheterization. No com- 
plications have followed the use of this 
special wire in difficult or finely selective 
arterial catheterization. We feel that this is 
an extremely valuable tool and should be 


Plinio Rossi and Crescencio Cuevas Verdu 


June, 1966 


available when arterial catheterization is 
attempted. 


Plinio Rossi, M.D. 

Department of Radiology 

St. Vincent’s Hospital and Medical Center 
New York, New York 
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A NEW METHOD OF PERCUTANEOUS 
CATHETERIZATION* 


By DONALD T. DESILETS, M.D., RICHARD B. HOFFMAN, M.D., 
and HERBERT D. RUTTENBERG, M.D. 


LOS ANGELES, CALIFORNIA 


"JT percutaneous method of vascular 
catheterization has enabled the radiol- 
ogist to perform a great variety of arterial 
and venous angiographies with relative ease 
and safety. However, this method has not 
been widely accepted for cardiac catheteri- 
zation and angiocardiography, despite the 
obvious advantage of avoiding a cut-down, 
arteriotomy, and arterial suturing. The 
conventional percutaneous technique re- 
quires a catheter with an end hole and a tip 
tapered to fit a guide wire. Because of these 
necessary modifications, the catheter type 
Is quite limited. 

A wide variety of catheters has been de- 
veloped for cardiac catheterization which 
can only be introduced by the cut-down 
method. Some have been designed for per- 
forming hydrogen and dye solution studies 
and for recording intracardiac electrocar- 
diograms, intracardiac phonocardiograms, 
and other physiologic measurements. 
Others with flexible solid tips have been 
especially useful in crossing the aortic 
valve. The best angiocardiographic cathe- 
ters have a closed end with multiple side 
holes. These catheters are safer for angio- 
cardiography than the conventional end- 
hole percutaneous catheters for high pres- 
sure injections into the heart because they 
are less likely to recoil, and myocardial 
perforations are not as apt to occur.) 
Since these special catheters for physiologic 
and angiographic study of the heart must 
be introduced by the cut-down method, it 
seemed that if a way could be found to in- 
sert them percutaneously, the range and 
flexibility of the percutaneous technique 
would be greatly enhanced. Many radiolo- 


gists are familiar with the percutaneous 


methods and are expert in their use, while 
few have developed the ability to suture an 
artery with minimal risk. 

The solution to this problem would be a 
thin-walled sheath introduced into an ar- 
tery or vein over the conventional percu- 
taneous catheter which could be inserted in 
the usual fashion. This sheath would act as 
an extension of the vessel out of the body, 
and catheters or other instruments could 
then be introduced through the sheath into 
the vascular system. 

Although the idea is simple, the material 
demands for such a sheath are great. The 
ideal sheath should be very thin-walled so 
that the puncture hole in the artery would 
not be significantly enlarged. With enlarge- 
ment of the puncture hole, there would be 
an increased risk of complications. Too 
much variance in the diameters of the 
sheath and catheter would cause bleeding 
around the catheter when the sheath was 
withdrawn. A low coefficient of friction 1s 
desirable so that exchange catheters will 
slide readily through the sheath. Some de- 
gree of malleability of the sheath is im- 
portant to accommodate slight discrepan- 
cies in catheter diameter. The sheath must 
be smooth and inert so that it will not in- 
jure the blood vessel. 

To date, we have been unable to find a 
substance that completely satisfies the 
above requirements. Teflon* showed prom- 
1se but failed because it could not be ob- 
tained thin enough and strong enough for 
arterial studies, though it was satisfactory 
for venous studies where the wall thickness 
of the sheath was less critical. Experiments 


* Teflon is Du Pont's registered trademark for its brand of 
polytetrafluoroethylene. 


* Presented at the Sixty-sixth Annual Meeting of the American Roentgen Ray Society, Washington, D.C., September 28-October 1, 


1965. 


From the Departments of Radiology and Pediatrics, University of California School of Medicine, Los Angeles, California. 
519 


520 


with various soft metals for this purpose 
have been unsatisfactory. 

Originally, we considered mylar,* which 
is extremely tough and strong, but found 
that it could not be extruded. Further in- 
vestigation revealed a source for mylar 
tubest. which were being manufactured for 
insulating electric wire. These tubes are not 
extruded but are wrapped and bonded with 
an adhesive, very similar in construction to 
a drinking straw. This material, while not 
ideal, is far superior for the intravascular 
sheath to anything else that has been found. 
The sheath is very strong with a wall thick- 
ness of only .oo2 inches. Its main disadvan- 
tage is that it is rigid and will not stretch 
to accommodate imperfect catheter dia- 
meter tolerances. However, the component 
parts of the sheath system can be made uni- 
form, overcoming this problem. 

The sheath percutaneous system consists 
of three component parts: (1) the intro- 
ducing teflon catheter necessary to insert 
the sheath into the vessel (a teflon cathe- 
ter is superior for this purpose because of its 
low coefficient of friction), (2) the sheath 
itself, and (3) the catheter or catheters that 
are to be used for the study. The tolerances 
of the diameters of these component parts 
are quite critical. The sheath must fit 
snugly over the introducing teflon catheter. 
If the sheath is too large, it will bind on the 
subcutaneous tissue and will not follow the 
catheter into the vessel. The cardiac cath- 
eter introduced into the sheath must be 
small enough to slide freely and large 
enough to prevent leakage of blood around 
‘the catheter. The diameters of commer- 
cially available catheters vary consider- 
ably. It is possible to use a gauge and to 
reject the catheters that are too large. How- 
ever, by this method, most of the catheters 
would be rejected. 

In order to match the three components 
of the sheath system, we obtained mylar 
tubing in sizes .003 inches greater than the 

* Mylar is Du Pont's registered trademark for its brand of 
polysster film. 

+ Stone Paper Tube Company (Division of Stone Straw Cor- 


poration), g00-922 Franklin Street, N. E., Washington, D, C. 
20017. 
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desired catheter French size, ;.e., for a No. 
6 French catheter, .o69 inches outer diam- 
eter, the inner diameter of the mylar 
sheath would be .o72 inches. The wall 
thickness of the mylar is .co2 inches so that 
the outer diameter of the sheath is .076 
inches. The commercially supplied No. 6 
French teflon catheters, which are used as 
the introducing catheters, tend to be more 
uniform than other cardiac catheters, and 
they usually fit snugly within the sheath 
without modification. However, we can 
make our own teflon catheters to size by 
using a catheter former.] The main prob- 
lem lies with the commercially available, 
closed-end cardiac catheters which vary in 
their outside diameter considerably. We 
first gauge the catheters using an appro- 
priate-sized hole in a brass block to ensure 
uniform catheter diameter. We can reduce 
the diameter of the catheters which are too 
large by a few thousandths of an inch by. 
warming the catheter in boiling water and 
pulling it through the gauge hole. The 
catheter diameter can be reduced by this 
method without harming the catheter. 

The sheath is made as short as possible 
in order to reduce friction. Most sheaths 
are approximately 7 cm. long. We usually 
make the sheath somewhat longer than 
this originally and trim it to the desired 
length at the time of the procedure when. 
the size of the patient is known. A piece © 
of cylindrical steel is glued$ to the sheath 
for a handle. One-half cm. of the mylar 
sheath protrudes beyond the steel handle. 
The flow of arterial blood is stopped when 
the sheath is introduced into the artery by 
crimping this end of the sheath with the 
fingers. 

The technique of introducing the sheath 
into the vessel has been described previ- 
ously.? The three components of the sheath- 
catheter system are shown in Figure 1. A 
Lehman ventriculography, closed-end, an- 
giographic catheter is shown at the top of 

t Cook, Incorporated, 300 South Swain Avenue, Bloomington 
Indiana 47403. 

§ Eastman 910 Adhesive (registered trademark), manufactured 


by Eastman Chemical Products, Inc. (Subsidiary of Eastman 
Kodak Company), Kingsport, Tennessee. 
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this figure with the mvlar sheath in the 
middle and the teflon introducing per- 
cutaneous catheter at the bottom. 
Following local anesthesia, a skin nick 
measuring approximately one-half inch 1s 
made. The incision is made deep enough to 
entirely incise the dermis to allow free 
passage of the sheath through the skin. The 
artery or vein is punctured in the usual 
manner, the teHon introducing catheter is 
passed "a E vessel, and the guide wire 
removed ( (Fig. 2). The catheter is wiped 
with sir, which serves as a lubricant 
and prevents coagulated blood from bind- 
ing the sheath. During these preliminary 
moves, the sheath is well back on the 
introducing catheter. The sheath is then ad- 
vanced over the teflon catheter to the skin. 
The sheath and catheter are grasped to- 
gether just above the incision and rotated 
gently into the vessel. It is important that 
they are held firmly so that they advance 
together. A little practice is required to 


develop the feel of the sheath passing into 
the arterv. 
steel tubing. 


The sheath is advanced to the 
The angiographic or other 








Vic. r. Photograph of a Lehman ventriculography, 
closed.end, angiographic catheter (top) with the 
mylar sheath (middle) and the teflon introducing 

percutaneous catheter (bottom). 
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change following 
catheter into the vessel. 
mission from Kadielogy.?) 


cardiac catheter is then wiped with hep- 
arin. The teflon catheter is withdrawn, 
and the end of the sheath is crimped with 
the fingers to stop the flow ot blood. The 
cardiac catheter is then slipped through the 
sheath, and the sheath 1s withdrawn to the 
distal end of the cardiac catheter out of the 

wav. The cardiac catheter is best manipu- 
lated in this fashion, although it 1s possible 
to leave the sheath within the vessel and 
to manipulate the catheter within the 
sheath. If a new catheter is desired, the 
initial catheter is withdrawn until only a 


few centimeters remain within the vessel. 


iubar 


The mylar sheath is then advanced to the 
skin and reinserted into the artery in the 
manner described above. This catheter is 
then removed and the exchange catheter 
inserted after first being wiped with hep- 
arin. 


RESULTS 


almost ex- 
16 vears. 


We have used this system 
clusively in children ages 2 to 
Most of our cases are under 
age. We have used No. 5 and No. 6 
French svstems on these patients depend- 
ing on their size. Thirty arterial catheter- 
izations and 10 venous catheterizations 
were performed using the sheath. In this 
group, there were onlv 2 f 
the sheath. On one occasion, after success- 
fully introducing the Lehman nc E 
raphy catheter into the aorta through the 
mvlar sheath, the catheter e not be 
passed into the left ventricle. A second 
catheter was prepared with a different 
curve on the tip but could not be exchanged 
because the original catheter became 
wedged within the sheath and could not 
be withdrawn. In the second case, the 
sheath could not be introduced into the 
artery. This was the only occasion in 
which this difficulty occurred. The patient 
had a previous catheterization in the right 
groin by the cut-down method with a ‘lot 
of fibrous tissue. The sheath could not be 
passed through this tissue into the artery. 

To date, no significant complications 
have occurred. One 12 year old girl had a 
transient marked diminution in pulses for 
12 hours, which was attributed to arterial 
spasm. 

With a system of matched components, 
passage of the sheath into the artery and 
subsequent introduction of the closed-end 


catheter can be pertormed without dith- 
culty. Occasionally, some difficulty is en- 


countered in exchanging catheters 
the catheters tend to expand slightly after 
being warmed by the blood stream. On oc- 
casion, it has been difficult to withdraw a 
catheter from the sheath or to exchange a 
new one. This problem is not encountered 
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if teflon catheters are used because of the 
extremely low friction coefficient of teflon. 
Also, with our svstem of matched catheters, 
this has become much less of a problem. 
Because the mylar 15 wrapped hke a drink- 
ing straw, severe twisting of the sheath can 
result in ace the inner diameter. To 
exchange catheters, the original catheter 
should be withdrawn almost completely 
trom the vessel and wiped with heparin be- 
tore the sheath is reinserted. The sheath 
should then be withdrawn slightly trom the 
vessel and grasped lightly just proximal to 
the steel hub when the catheter is being 
withdrawn. As before, the end 1s crimped 
to stop the flow of blood and another 
catheter reinserted through the sheath. As 
with any procedure of this nature, careful 
attention to small details is essential. 


SUMMARY 


A method has been described whereby a 
closed-end catheter or other special-tipped 
catheter can be passed into an artery or 
vein percutaneously using a thin sheath of 
mylar. To date, the method has been used 
almost exclusiv E in children with No. 
and No. 6 French catheters. T hirty arterial 
catheterizations and 16 venous catheteriza- 
tions have been performed with no serious 
complications. In our laboratory, this 
method has added considerably to the 
flexibility and use of the conventional per- 
cutaneous method of catheterization. 
Donald T. Desilets, M.D. 

Department of Radiology 
UCLA Center for the Health Sciences 
Los Angeles, California 90024 
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SIMPLIFIED SUBTRACTION* 


By J. JAY CRITTENDEN, 


M.D., and CHARLES A, STERN, 


M.D. 


CINCINNATI, OHIO 


HE subtraction technique has proved 

to be a valuable adjunct in angiogra- 
phy where the initial study is inconclusive 
because of bone structures overlapping and 
obscuring the contrast filled vessels. This 1s 
especially true when the contrast medium 
in the vessel of interest is dilute or the over- 
lapping bone is underpenetrated. Ziedses 
des Plantes® described the subtraction tech- 
nique in 1934. Since then, he has described 
its many clinical applications? ‘It has not 
been utilized as often as it should have been 
because of the time-consuming, trial-and- 
error methods usually employed. The pur- 
pose of the authors is to describe a simple, 
quick and reproducible method of subtrac- 
tion that has yielded uniformly good re- 
sults. It requires no special equipment, 
merely that which is available in any radi- 
ology department. 


MATERIALS 


The materials necessarv for this method 


include the following: 


. An ordinary radiographic cassette 
with high-speed screens. 
2. Par-speed, fine-grain, double-emul- 


sion, radiogr aphic fi film. 

High -speed radiographic film. 

Black matte paper such as the inter- 

leaving paper included in cartons of 

r radiographic film. 

. An ordinary viewbox 

horizontal position. 

6. A simple contact printer. An ideal 
printer can be constructed by replac- 
ing the back of a 14X17 inch cassette 
with a £i inch plate glass that is 
hinged with adhesive tape at one end. 
The back of the front screen is 
covered with the black interleaving 


paper. 
A 60 watt incandescent light bulb. 


Fox 
m 
* 


used in the 


Ur 


TECHNIQUE 


Ihe following roentgenograms are used 
in the subtraction technique: À preliminary 
"scout" film of the area of interest and an 
angiogram with the vessels in that area 
opacified, called the "contrast" film. No 
movement of the patient or tube between 
exposure of the scout film and the contrast 
film should occur. When a serial changer is 
used, an early film, że., without contrast 
medium in the area of interest, may be used 
as the scout film. This is usually superior to 
a capillary or venous phase film which can 
also be used as the scout film because move- 
ment of the patient is more likelv to have 
occurred in the later (capillary or venous) 
phase of the study. Our technique consists 


E" 


of two stages (Fig. 1). 
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lac, 1. Diagrammatic representation of the stages 
and steps of the subtraction technique. 


* From the Department of Radiology, Cincinnati General Hospital, College of Medicine, University of Cincinnati, 
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of (A) the front screen, (Bi the scout film, (C) 
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Photofluorographic reversal of the scout film. The arrangement or " 





sandwich" in the cassette consists 


a sheet of par-speed, fine-grain radiographic film, and (D) 


a sheet of black matte paper covering the front of the rear screen. 


STAGE I. THE REVERSAL PROCEDURE 


Step 7. A photofluorographic reversal of 
the scout film is obtained by using the light 
of the front high-speed screen of the e 
narv radiographic cassette. The arrange- 
ment or "sandwich" in the cassette shown 
in Figure 2 consists of (A) the front screen, 
(B) the scout film, (C) a sheet of par-speed, 
fine-grain radiographic film, and (D) a 
sheet of black matte paper covering the 
front of the rear screen. The cassette, 
loaded in the dark, 1s exposed to roentgen 
rays with factors of 60 kvp., 60 mas., and 
a 38 inch focal film distance. Filters, 7.e., 
the 23 mm. aluminum filtration which 1n- 

cludes the inherent tube filtration present 
in the ordinary overhead roentgen-ray 
tube, are not removed. 

Step 2. 'The exposed undeveloped film is 
then processed in an automatic unit or in a 
manual tank with the usual processing time 
and temperature. On the resulting Blin: the 
normally white structures are black, and 
vice-versa. lt is therefore called the “re- 
versal” film. 


CAGE II. THE SUBTRACTION PROCEDURE 


ia Z. The reversal film is exactly super- 
imposed upon the contrast Alm with the 
resultant ‘graying out" of the bone struc- 
tures. The contrast filled vessels will appear 
as a white shadow on a gray background. 
This is most easily accom plishec 1 on a hori- 
zontal viewbox in a darkened room. The 
films are taped together in this position 
with clear cellophane tape. Masking the 

edges of the viewbox with blackened roent- 
Ei film blocks out excess light and 
thus facilitates exact superimposition. If 
exact superimposition of all the areas 1s 
unobtainable, one should at least super- 
impose the area of major interest. 

Step 2. The final subtraction film is a 
contact print made in the darkroom with 
the light of a 60 watt bulb at a distance ot 7 
feet. The contact printer (cassette) 1s used 
with the following sandwich arrangement 
from front to back: (A) glass plate, (B) the 
combined reversal-contrast film, (C) an 
unexposed high-speed radiographic film, 
and (D) the black matte interleaving paper 
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Fic. 3. Contact printing of the subtraction film. The 
(cassette) consists from front to back of (A) the glass plate, (B) 


an unexposed high-speed 1 
screen. 


(Fig. 3). The printer is exposed through its 
glass front to the light of the 60 watt bulb 
for ¢ seconds. The high-speed film (sub- 
traction film) is then removed and pro- 
cessed in an automatic or manual processing 
unit at standard technique. This procedure 
E repeated using 15 and 25 second expo- 

ures. These three exposures always ensure 
that at least r (and usually all) of the sub. 
traction films is of diagnostic quality. If the 
reader decides to make onlv a single expo- 

sure, the 15 second film has proven to be 
the exposure of choice. 


DISCUSSION 
We have used the photofluorographic 
method for obtaining the reversal film 


(Stage 1) and the contact printing method 
for the subtraction film (Stage 11) as did 


Levick and Mitchell? We feel that the 
ph otofluorographic method, using a fine- 


grain double emulsion par-speed film, yields 
a reversal with an optimu m range of den- 
sities. The phrase "optimum range of densi- 
ties" means that the mid-range grays are 
present on the reversed film. Some au- 


Simplified Subtraction 


ta 


PE 
an 





arrangement or "sandwich" in the contact printer 
the combined reversal-contrast film, (C3 


'adiographic film, and (D) the black matte paper covering the front of the rear 


thors? have recommended contact print- 
ing for both the reversal and subtraction 
him. The abnormal range ot density (a lack 
of mid-range grays) on a contact-printed 
reversal film does not match the normal 
range of grays present on the angiogram 


and, therefore, complete subtraction is 
impossible. The double emulsion film re- 


cords detail adequately so that special 
single emulsion film, as recommended by 
others,’ has not been required. Using the 
contact printing method in the reversal 


stage has the additional disadvantage of 
verv short and, therefore, critical ngh 
exposure times. As described by Rocko 


and Camp,’ this exposure time de mont 
upon several variables and is obtained only 

by trial and error. With our method, long, 
easily reproducible, noncritical exposure 
times can be employed. Using the contact 
printing method in the subtraction stage 

has the additional advantage of elimin: ating 
the excess fogei 1g which sometimes is a 


d 


problem with photofle iorographic subtrac- 


tion, as mentioned by Vezina and McRae.® 
Complicated developing methods have 
* 
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reason for the limite 
subtraction technique. For 

Torenstein ef al? have described a tech. 
nique in which the use of very critical man- 
ual developing times with tres hc eveloper 
ata temperature of 20:t o. 4C. is essent: 
for satisfactory results. No speci 
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$. (4) Aortic arch study. (B) Subtraction showing left 
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‘bral angiogram. (2) Vertebral and basilar artery detail after subtraction. 


es are required bv our method 


ing technique 
! e processed manually or 


and films ma 
automatic: Tu 

Several case examples (Fig. 4 through 7 
are presented showing the value of sul 
traction and the films ob- 
tanec by OUP tec 





y. 


H LÀ ~ 


quality of f 
inique. 
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subclavian obstruction, 
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hic. 6. C4) Retrograde aortogram for right aortico-renal graft. (B) Subtraction 
showing complete thrombosis of graft. 


SUMMARY have eliminated the complicated developing 
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reproducible method for performing sub. trial-and-error aspects of the technique 
traction. The subtraction films which result which have previously deterred the wide- 


are of uniformly diagnostic quality. We spread use of subtraction. Our technique 





Fic. 7. (4) Retrograde aortogram for hypertension evaluation, (2) Subtraction 


* 


demonstrates right renal artery stenosis, 
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has yielded diagnostic results from other- 
wise equivocal or nondiagnostic films. 


J. Jay Crittenden, M.D. 
Department of Radiology 
Doctors Hospital 
Milwaukee, Wisconsin 


Charles A. Stern, M.D. 
Department of Radiology 
Cincinnati General Hospital 
Cincinnati, Ohio 45229 


The authors are grateful to Benjamin Felson, 
M.D., Professor and Chairman of the Depart- 
ment of Radiology, Cincinnati General Hospi- 
tal, for his help and guidance in the preparation 
of this article. We are also indebted to Mr. 
Richard Clark, Medical Illustration Depart- 
ment, Cincinnati VA Hospital for his assistance 
in the preparation of the chart and photographs. 
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A SIMPLIFIED SUBTRACTION TECHNIQUE 


By REED P. RICE, M.D 


CHAPEL HILL, 


HE principle of photographic or elec- 

tronic “subtraction” of noncontribu- 
tory and confusing roentgen images is well 
known to radiologists. A variety of rela- 
tively simple techniques has been described 
in the recent radiologic literature and this 
has resulted in some resurgence of interest 
in this procedure.^?* The practicality of 
electronic. subtraction as described bv 
Holman and Bullard? has given further im- 
petus to this diagnostic technique. Al- 
though it seems obvious that television 
subtraction is highly desirable, it is equally 
obvious that the equipment necessary for 
this subtraction technique is not available 
in most radiology departments. At the 
present time, the simplest practical photo- 


graphic subtraction technique would seem 
to have the widest applicability. 


Our own attempts at reproduction of a 
satisfactory Ms us subtraction tech- 
nique by any of the methods described in 
the literature did not result in uniformly 
diagnostic examinations. À considerable 
trial and error experimentation was re- 
quired with the initial use of the technique 
and also generally with each subsequent 
examination. Out of the experience, how- 
evolved what we consider a more 
simplified and more easily reproducible 
subtraction tec hnique. Alt hough quite simi- 
lar to the procedure of Roc koff and C amp,’ 
and of Hanafee and Stout, we found that 
by using our modification of these tech- 
niques it was possible to establish standard 
exposure factors and maintain reproducible 
quality. It is our belief that others may 

easily adapt this technique to their own 
departments with f few, if anv, modifications. 
During the past 25 years, we have employed 
this subtraction ‘technique upon selected 
angiographic examinations and feel that it 


ever, 
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is of significant value in a variety of cir. 
cumstances, several of which are illustrated 
(Fig. 1 through 7). 

Basically, the subtraction technique em. 
plovs the superimposition of a reversal 
print of a control or "scout" roentgenogram 
over the roentgenogram of the same area 
made after the injection Of contrást më- 
dium. In principle and in fact, when these 
two films are superimposed, the blacks and 
whites of the reversed images tend to cancel 
out the detail of everything except the con- 
trast medium. This procedure has its 
greatest value in angiography when over- 
lvi Ing osseous structures obscure some criti- 
cal vascular detail. Although we would not 
like toimply that the subtraction technique 
is a substitute for quality angiography, we 


Kis. 
with history of two cerebrovascular accidents, 
Origin of left carotid artery not well shown, 


1. Aortic arch injection in a 40 year old woman 
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have salvaged some examinations of other- 
wise limited value. 

Our own technique is based on several 
points suggested in the literature and con- 
firmed by our own experience. We quickly 
learned that incandescent light provided a 
more constantlv reprcducible reversal print 
than did some of the roentgenographic 
manipulations which have been described. 
The use of a 15 Watt light bulb at a 6 foot 
distance, as suggested by Rockoff and 
Camp,? enabled the use of an exposure 
time of 1 second or greater. This made pos- 
sible the use of a relatively inexpensive 
dark room timing device. We use Kodak 
commercial film which is a single emulsion 
flm that can be automatically. processed. 
Hanatee and Stout! also suggested the use 
of this film, but employed a hand develop- 
ing technique. 





lac. 2. Same patient as in Figure 1. Reversal print 
of delayed film exposed at end of series (no con- 


trast medium). 





hic. 3. Same patient as in Figures 1 and 2. Subtrac- E16, 4. Best film of translumbar aortogram series in 


tion film obtained by superimposition of Figure 1 patient with occlusive vascular disease of lower 
anc Figure 2 shows normal origin of left carotid as extremities. Origin of right common iliac not well 
well as better definition of all arch vessels. shown and possibly narrowed. 
Ld 
e 
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The cassette used in our subtraction 
technique was handmade by replacing the 
front panel and screen of a 14X17 inch 
cassette with window glass of the same 
size. The rear intensifving screen was cov- 
ered with a thick cardboard filler. 

Since the subtraction technique depends 
upon having a perfectly matched. control 
him, we have established the routine of in- 
cluding a delaved exposure film in virtually 
every serially filmed. arteriographic series. 
This has proved much more satisfactory 
than a scout film obtained prior to the in- 
jection of contrast medium, because the de- 
laved serial film is more likely to be ex- 
posed in exactly the same phase of inspira- 
tion and can be more accurately superim- 
posed over the arteriogram. 


DETAILS OF TECHNIQUE 


A sheet of the Kodak commercial Alm is 





lic, g. Same patient as in Figure 4, Subtraction film 
showing only minimal atheromatous disease of 


both iliaes, 
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ta 





Fic. 6. Best film of suboptimal retrograde femoral 
aortography. Right renal 
visualized, 


arterv origin poorly 


loaded in the glass front cassette with the 
nonemulsion (glossy side) facing the rear 


of the cassette. The previously described 
delaved exposure film of the arteriographic 


series (film. without contrast medium) is 


placed on the commercial flm and 
cassette glass cover closed. A 1 second ex- 


posure of the ts Watt bulb at a 6 foot dis- 





lic. 7. Same patient as in Ligure 6. Subtraction 
tlm shows normal right renal artery, 
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tance is made. We use a goose-neck lamp 
on a table and place the cassette on the 
floor. The exposed commercial film is then 
routinely processed in an automatic proces- 
sor. The resultant reversal or positive print 
is superimposed on the angiogram to be 
subtracted with the films held in contact 
with tape at the corners. Exact superim- 
position is required and this aligning of the 
reversed prints is probably the most critical 
part of the entire procedure. A second com- 
mercial film is then loaded in the cassette 
as before and the superimposed films are 
placed on the commercial film and secured 
in position with the glass cover. A 9 second 
exposure is made with the 15 Watt bulb at 
the same 6 foot distance and this final sub- 
traction film is processed in an automatic 
processor. ! 

It is possible that the exact timing of the 
exposure will vary slightly, depending upon 
the amount of reflected illumination from 
darkroom walls and fixtures in other depart- 
ments. In our experience, the procedure is 
applicable to roentgenograms of widely 
varying exposure techniques. 


Reed P. Rice and Luther E. Barnhardt, Jr. 
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SUMMARY 


A simple and easily reproducible sub- 
traction technique is a valuable adjunct 
to angiography in a variety of circum- 
stances. The procedure described can be 
adapted to any radiology department and is 
easily performed without the use of any 
expensive equipment. 


Reed P. Rice, M.D. 
Department of Radiology 

Duke University Medical Center 
Durham, North Carolina 27706 
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IHE FORTY-EIGHTH ANNUAL MEETING OF THE 
AMERICAN RADIUM SOCIETY 


HE AMERICAN RADIUM SOCI- 
ETY held its Forty-eighth Annual 
Meeting at the Camel Back Inn, Phoenix, 
Arizona, April 13-16, 1966. The accommo- 
dations were attractive for both the scien- 
tific and social events. The attendance by 
members and guests amounted to a total 
registration of 518, representing 148 mem- 
bers, 203 scientific guests and 167 ladies. 
The meeting was officially opened on 
Wednesday morning, April 13 in the Peace 
Pipe Room. Dr. Justin J. Stein, President 
of the Society welcomed the members and 
guests to sunny Phoenix and indicated that 
the local committee wished those in at- 
tendance to take full advantage of the re- 
. creational facilities and to visit the unique 
sights of the surrounding country-side. Dr. 
Stein delivered the Presidential Address 
titled “Trends in the Management of the 
Cancer Patient." 

After reviewing important events in the 
history of the American Radium Society, 
he stressed the importance of this onco- 
logical organization whose members repre- 
sent various specialties and related sciences 
which are actively engaged in cancer diag- 
nosis, treatment and research. The concept 
of team work between the various dis- 
ciplnes is considered essential for progress 
in the management of the cancer patient. 
The influence of the federal government in 
establishing regional cancer centers should 
be beneficial if, as the law clearly states, 
this type of program will not interfere with 
existing patterns of medical practice. The 
main function of these centers would be to 
provide specialized training, to develop and 
evaluate new techniques for diagnosis and 
treatment, to manage patients presenting 
specialized problems, to provide special 


education for the community physician and 
to cooperate closely with all voluntary 
local, state and federal agencies engaged in 
health activities. 

Dr. Stein also spoke on the use of clinical 
trials in cancer therapy, management of 
coexisting diseases 1n the cancer patient, 
the role of the oncologist, the value of 
chemotherapy, the approach to preventive 
measures, the need for continuing medical 
education, the dilemma of the shortage of 
physicians, the advantages of staging can- 
cer according to the TNM system, the 
significance of epidemiology and the role 
of radiation therapy in the management of 
the cancer patient. 

The first scientific session under the 
chairmanship of Dr. Joseph H. Farrow 
consisted of presentations on the current 
status of the regional training program for 
mammography for technicians and radiolo- 
gists; mucosal melanomas of head and 
neck; the role of aortography in the diag- 
nosis of cancer; and experience with 
iridium 192 ribbons with particular refer- 
ence to radical neck implants. 

Dr. German Garcia of Mexico gave a 
statistical analysis of therapeutic integra- 
tion of breast cancer by (1) detection of 
breast cancer in the highest possible num- 
ber of women, (2) unity of oncologic cri- 
teria concerning therapeutic behavior and 
(3) treatment by surgery and radiotherapy 
by one and the same team previously 
trained in each of the therapeutic aspects. 
Dr. Florence C. H. Chu answered the 
question: Does prophylactic radiotherapy 
given for cancer of the breast predispose to 
metastasis? In 1962, Dao and Kovaric re- 
ported a higher incidence of ipsilateral 
lung and skin metastases in those patients 
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who received postoperative radiotherapy 
following mastectomy than in those who 
had surgery alone. In a study of 674 pa- 
tients who had radical mastectomy at 
Memorial Center, 205; of whom received 
prophylactic radiotherapy and 469 patients 
who did not, the observations of Dr. Dao 
and Dr. Kovaric were not substantiated by 
the data. 

Other subjects presented in connection 
with breast cancer were physical and clin- 
ical parameters in the management of ad- 
vanced breast cancer with irradiation alone 
and the history of St. Agatha relative to 
inadequate simple mastectomy. Miss Mar- 
garet D. Snelling of The Meyerstein Insti- 
tute of Radiotherapy, Middlesex Hospital, 
London, and President of the British 
Institute of Radiology spoke on an attempt 
to estimate the value of postoperative ir- 
radiation of regional lymph nodes in cancer 
of the breast. 

The latter part of the morning session 
included papers on the treatment of osteo- 
genic sarcoma of the mandible; the diag- 
nosis and treatment of metastatic brain 
disease with antifibrin antibody I9; and 
malignant lesions of the nasopharynx. Dr. 
Adolph Zuppinger, guest speaker from the 
University of Bern, Switzerland, presented 
material on the treatment of osteogenic 
and soft tissue sarcomas by the use of 
high speed electrons. He illustrated his 
talk with many color slides. 

During the afternoon, a sight seeing bus 
tour covering downtown Phoenix, Desert 
Botanical Gardens, Heard Museum and the 
residential and resort areas of the Phoenix- 
Scottsdale complex was participated in by 
the ladies. 

The second scientific session was held 
Thursday morning under the chairmanship 
of Dr. Richard H. Jesse. Dr. John L. Pool 
of New York presented an evaluation of 44 
cases of pleural mesothelioma. Other sub- 
jects discussed were the value of 2 mv. 
roentgen ray therapy in differentiated 
thyroid carcinoma; intraarterial 5-bromo- 
deoxyuridine combined with roentgen ray 
therapy; and treatment of bone metastases 
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with parathormone followed by radiophos- 
phorus. A group of papers on radioisotope 
scanning included radiation-induced he- 
patic damage demonstrated by radioisotope 
scanning; the value of strontium 85 scan- 
ning in roentgen ray therapy; color scan- 
ning of bone for the diagnosis of cancer; and 
a description of the uses of the gamma cam- 
era. Dr. Alexander Pearlman of New York 
presented studies on the tumor lethal dose 
in Hodgkin’s disease by constructing a 
mathematical model to indicate the prob- 
ability of success of graded dose levels above 
and below the iso-effect curve. Dr. R. Lee 
Clark, Jr., Director of the M. D. Anderson 
Hospital in Houston, delivered an address 
on the present status and future trends in 
cancer therapy. He stated that the merging 
disciplines of virology, cytology, biology 
and immunology may hold the key to the 
cancer enigma, but are still in their evolu- 
tion. Today’s cancer patient, who. cannot 
wait for tomorrow’s cure, is dependent 
upon the surgeon, the radiotherapist and 
the chemotherapist. Dr. Clark presented 
statistics from his own institution showing 
a substantial increase in the § year survival 
rates of many types of cancer over the past 
20 years due to improvement in surgical: 
techniques and to the advent of megavolt- 
age radiotherapy. Within this century, the 
total concept of adequate, effective therapy 
for the cancer patient has moved from the 
realm of a single discipline—surgery— 
through the specialist explosion era, to 
today's multidiscipline attack. The pa- 
tient of today is best treated by an onco- 
logic team with a combination of treatment 
modalities. 

A symposium on the advantages and dis- 
advantages of electron beam therapy was 
held under the chairmanship of Dr. Charles 
Botstein of Montefiore Hospital of New 
York. Dr. Adolph Zuppinger pointed out 
that electron beam therapy was tried over 
40 years ago and in recent years has 
evolved into a cancer radiation modality 
of greater value. His experience since 1958 
shows that in many instances electrons 
produced a better biologic effect than pho- 
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tons. He cited many cases of successful 
treatment, including carcinoma of the 


vulva, metastases to inguinal lymph nodes 
secondary to carcinoma of the penis, 
carcinoma of skin of the ear, mixed tumors 
and cylindromas of the parotid gland, 
papillary carcinoma of the thyroid gland, 
fibrosarcoma of the abdominal wall, chor- 
doma of the spine, bronchogenic carcinoma, 
and abdominal wall recurrence from a 
gastro- TERES TEN tract a carcinoma, 


20 to “40 p kan variation of ‘the mev. 
levels depending upon the depth of the 
lesion. 

Dr. Maurice Tubiana of the Institut 
Gustav Roussy in France presented infor- 
mation on the relative biologic effectiveness 
of high speed electrons and the difference 
from cobalt 60 and other megavoltage 
modalities. Higher dosage of electrons will 
eliminate the heterogeneity of irradiation 


usually found in megavoltage photon 
beams. 
Dr. 10m S. Laughlin of Memorial 





Hospital in New York also em phasized the 
m MA spectrum of hich energy 
electrons. They have the advantage over 
photons in that they have no exit dose. At 
his institution, various plans of treatment 
are used and the voltage ranges from 6 


mev. to 22 mev. Hot spots at adjoining 
fields are avoided by using polystyrene 


wedges and using a combination of energies 
of 6 mev. and 15 mev. for adjacent fields. 

Dr. Melvin L. Griem of the University 
of Chicago related his experience with a 
linear accelerator ranging from 5 mev. to 
55 mev. He demonstrated improvement in 
biologic effect on normal tissue in the 
region of the irradiated carcinoma of the 
nasal cavity, urinary bladder, larynx, 
parotid gland and glomus tumor. 

Dr. Norah DuV. Tapley and Dr. Gilbert 
H. Fletcher of M. D. Anderson Hospital 
in Houston have treated 668 patients with 
malignant tumors of the heed: neck and 
breast with high speed electrons at levels 

varving from 6 mev. to 18 mev. The elec- 
tron beam alone was used in 284 patients, 
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the electron beam in combination with 


photons in 148 patients, and an electron 
beam boost in 236 patients. Dr. Fletcher 


outlined the evolution of the use of electron 
beam therapy at M. D. Anderson Hospital 
and showed many color slides of treated 
patients. 

During the morning hours of the second 
dav, the ladies enjoved a bus tour which 
included the Apache Trail and Roosevelt 
Dam area. A Home and Ranch tour was 
held in the afternoon which included the 


home of Senator Goldwater and the 
Brusally Arabian Horse Ranch. In. the 


evening, a Western Stvle Chuck Wagon 
Dinner was arranged for the members hip 
in the open desert north of the Camel Back 
Inn. 

The third scientific session on Friday 
morning was held under the chairmanship 
of Dr. Juan A. del Regato. Subjects re- 
ported on included the treatment of pri- 
marv adenocarcinoma of the cervix; car- 
cinoma of the floor of the mouth; a direct 
reading intracavitary dosimeter for use in 
radium therapy; antibodies after local ir- 
radiation; the value of liver scans in the 
management of patients with malignant 
lymphoma; the search for hidden cancer; 
cobalt 60 teletherapy of early car cinomas 
of the vocal cords; hyperbaric radiation 
therapy, residual radiopaque bolus in man- 
aging intraspinal neoplasms; radiation re- 
lated to epidemiology of cancer; and a short 
historical review of the American Radium 
Society by Dr. Edith H. Quimby. 

The highlight of the meeting was the 
presentation of the Annual Janeway Lec- 
ture. Dr. Gordon P. MeNeer was unable 
to appear personally due to sudden illness. 
Dr. William S. MacComb introduced Dr. 
McNeer in absentia giving a brief historical 
background of his medical career. Dr. 
Lemuel Bowden, long-time associate, then 
presented Dr. McNeer’s prepared lecture 
on “The Problem of the Local Recurrence 
of Malignant Melanoma.” Following a de- 
tailed statistical analysis, he summarized 
the problem by the following statements: 
Inadequate treatment of melanoma delays 
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definitive management and increases the 
hazard of dissemination to regional lymph 
nodes and distant organs. Adequate treat- 
ment of melanoma is followed «by local 
failure in 9 per cent of patients in Stage 1 
and 21 per cent in Stage rri. Increased 
occurrences of local failure associated with 
. melanoma of the head and neck, fingers and 
soles of feet are probably due to inadequate 
excision. Local failure is more commonly 
observed after treatment of melanoma be- 
low, than above the elbows and knees. 
Local failure occurs all too frequently after 
amputation for Stage 11 melanoma located 
proximal to the knees and elbows. Local 
failure occurs more commonly after dis- 
separate than in-continuity lymph node 
dissections in Stage 11; but the difference is 
not remarkable. There is no basis for per- 
forming deferred as opposed to simultan- 
eous discontinuous lymph node dissections 
as far as the rate of local failure is con- 
cerned. Seventy-nine per cent of local 
failures occur within the first 2 years of 
definitive surgery and among these cases 
the mortality is high. When local failure 
occurs after 2 years, the opportunity for 
long term survival is enhanced. It may be 
possible to decrease the incidence of local 
failure by more adequate primary surgical 
treatment, but the most promising pre- 
ventative of local failure is early recogni- 
tion of melanoma and prompt surgical re- 
section before lymphatic metastases will 
have occurred. | 

In the evening, a reception for members 
and guests was held in the beautiful Terrace 
Garden of the Camel Back Inn, spon- 
sored by the Radium Chemical Company of 
New York. 

At the Annual Banquet, Dr. Justin J. 
Stein, master of ceremonies, introduced the 
foreign guests from France, England, 
Switzerland and Sweden. Also, 22 indi- 
viduals who have been members of the 
Society for 25 years or more were intro- 
duced. A Scroll was presented to com- 
memorate the late Mr. Joseph A. Kelley 
of the Radium Chemical Company. The 
Scroll was received by Mr. Charles 


Editorial 


537 


Bergesch, son-in-law of the late Mr. Kelley. 
Dr. Stein, in eloquent terms and with 
appropriate ceremony, presented the Jane- 
way Medal to Dr. Gordon McNeer (re- 
ceived by Dr. Lemuel Bowden) for his 
outstanding achievements in the field of 
cancer. Dr. Jerzy Einhorn, Deputy Direc- 
tor of the Radiumhemmet, said a few 
words regarding the close relationship be- 
tween Swedish and American radiothera- 
pists, extended warm greetings from Drs. 
Berven, Kottmeier, Sievert and Jacobsson 
who offered their congratulations to the 
Society on the occasion of its goth anni- 
versary. He also presented Dr. Stein with a 
book titled The First Fifty Years of the 
Radiumhemmet. The President then ex- 
pressed his gratitude on behalf of the 
Society to Dr. R. Lee Foster and the mem- 
bers of his Arrangements Committee for the 
efforts in extending their gracious hospital- 
ity. Entertainment was provided by a 
group of Indian boys from St. John’s Indian 
School who performed a series of original 
Indian dances. Members and guests also 
participated in dancing during the evening. 
The fourth scientific session was called 
to order on Saturday morning by Dr. 
John L. Pool serving as chairman. The 
subjects presented included the synergistic 
effect of laser radiation and ionizing radia- 
tion of malignant tumors im vivo and in 
vitro; the place of radiotherapy in the 
treatment of malignant metastatic lymph 
nodes of the neck by Dr. Vera M. Dalley 
of the Royal Marsden Hospital, London, 
England; the use of radiographic methods 
in the classification in staging of laryngeal 
tumors; transvaginal cesium 137 tele- 
therapy; and high pressure oxygenation 
and dose fractionation in animal tumors. 
In the latter part of the morning, Dr. 
Franz Buschke from the University of 
California Medical Center talked on his 
25 years of experience with supervoltage 
therapy in the treatment of bladder cancer. 
He uses a three-field fixed beam technique 
with a present dosage range of 5,500-6,000 
rads in 5 to 7 weeks and obtains a 14 per 
cent § year survival rate with no significant 
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morbidity. Other papers covered the treat- 
ment of pineal body tumors; management 
of malignant lymphomas and Hodgkin's 
disease limited to the head and neck; Co® 
telecurietherapy, with and without surgery, 
in the definitive treatment of cancer of the 
testicle; the effect of external and internal 
irradiation on the lymphatic dynamics; 
preservation of the larynx in surgical 
treatment of cancer recurrent after radia- 
tion therapy; and the application of new 
radiobiology knowledge to high speed elec- 
tron beam radiation therapy by Dr. Mau- 
rice Tubiana. The last paper on the pro- 
gram was given by Dr. Alexander Brun- 
schwig of Memorial Hospital of New York 
on the surgical treatment of carcinoma of 
the cervix after previous failure of radiation 
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therapy. 

The Forty-eighth Annual Meeting of the 
American Radium Society proved success- 
ful by the large attendance, the fine quality 
of its scientific program and by the social 
and recreational attractions of the Phoenix- 
Scottsdale area. The members and guests 
of the Society owe a debt of gratitude to its 
President, Dr. Justin J. Stein, to Dr. R. Lee 
Foster and the members of his Arrange- 
ments Committee, and to the management 
of the Camel Back Inn, the Mountain 
Shadows Motel and other neighborhood 
motels for their efforts in providing many 
excellent conveniences and recreational 
facilities. 

Harry Hauser, M.D. 
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NEWS 


NEW OFFICERS OF THE AMERICAN 
RADIUM SOCIETY 

At the Forty-eighth Annual Meeting of 
the American Radium Society held at the 
Camel Back Inn, Phoenix, Arizona, April 
13-16, 1966, the following new officers were 
elected: President, Milton Friedman, M.D., 
New York, New York; President-Elect, 
John L. Pool, M.D., New York, New York; 
First Vice-President, Harry Hauser, M.D., 
Cleveland, Ohio; Second Vice-President, 
Daniel Catlin, M.D., New York, New York; 
Secretary, Fernando G. Bloedorn, M.D., 
Baltimore, Marvland; Treasurer, Juan A. 
del Regato, M.D., Penrose Cancer Hos- 
pital, 2215 North Cascade Avenue, Colo- 
rado Springs, Colorado 80907. 

The Forty-ninth Annual Meeting will be 
held at the Roval York Hotel, Toronto, 
Ontario, Canada, May 29, 30 and 31, 1967. 


TWELFTH INTERNATIONAL CONGRESS 
OF RADIOLOGY 

The Twelfth International Congress of 
Radiology will be held October 6-11, 1969, 
at the Hotel New Otani, Tokyo, Japan. 

Professor Dr. Tadashi Adachi, Chairman 
of the Department of Radiology, Tokyo 
Medical and Dental University School of 
Medicine, was nominated as the General 
Secretary of the Congress. 

Until the Office of the Secretariat is estab- 
lished, any inquiry concerning the Congress 
should be addressed to Kempo Tsukamoto, 
M.D., President-Elect of the Twelfth 
International Congress of Radiology, Direc- 
tor of the National Institute of Radiological 
Sciences, 9-1, 4-chome, Anagawa, Chiba, 
Japan. 


ITEMS 


MOUNT ZION HOSPITAL AND 
MEDICAL CENTER 

The Second Annual San Francisco Can- 
cer Symposium on “High Energy Electrons 
in the Treatment of Cancer,” will be held 
October 1 and 2, 1966, at Claire Zellerbach 
Saroni Memorial Tumor Institute of San 
Francisco Mount Zion Hospital and Medi- 
cal Center. 

For further information please write 
Jerome M. Vaeth, M.D., Director, 1600 
Divisadero Street, San Francisco, Cali- 
fornia 94115. 


EUROPEAN ATOMIC ENERGY COMMUNITY 


The Second International Conference on 
Methods of Preparing and Storing Labelled 
Compounds wil be held November 28- 
December 3, 1966, at the Palais des Con- 
grés, Salle Benelux, Brussels, Belgium. 

The final program as well as comple- 
mentary general information will be cir- 
culated at the beginning of September, 
1966. 

Special rates for the Congress have been 
obtained at the Hótel Métropole (first 
class) and Hótel dela Bourse (second class). 
Participants are requested to make their 
own arrangements either through their 
local Cook's agent or through the Cook's 
office in Brussels: 17, Place de Brouckére, 
Bruxelles. 

Correspondence and documents should 
be forwarded to: Euratom—Labelled Com- 
pounds, 21-53, rue Belliard, Bruxelles, 
Belgium. 
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BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for the 
` courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


THe TRAIL or THE InvistBLeE Licur. By 
E. R. N. Grigg, M.D., Attending Radiolo- 
gist, Cook County Hospital, Chicago; Con- 
sulting Radiologist to the Illinois Department 
of Public Welfare and the hospitals in 
Charleston, Harvard, Paris, and Paxton, Ill. 
Cloth. Pp. 974, with many illustrations. 
Price, $36.75. Charles C Thomas, Publisher, 
301-327 East Lawrence Avenue, Springfield, 
Ill., 1965. 


Interest in history is not a sign of mental rumina- 
tion or senescence, but rather of full cognizance of 
our indebtedness to our predecessors, and of intel- 
lectual maturity, with an ability to bridge the past 
to the future, while living in and trying to understand 
the present. 

Gifted with many and varied aptitudes, Dr. Grigg 
has already distinguished himself by his many 
contributions, and the excellence and versatility of 
his writing. 

With boundless energy, endless capacity for work, 
a great penchant for accuracy and detail, and with 
extensive contacts in this country and abroad, Dr. 
Grigg has carefully selected and put together a great 
wealth of valuable information and perinent data 
between the two covers of his book. The Trail of the 
Invisible Light is of encyclopedic proportions, extend- 
ing far beyond the confines and limitations of a 
“history book.” This material, well selected, well 
preserved, and well presented, is invaluable to the 
student of radiologic history, who is now spared the 
trials and tribulations of searching through moun- 
tains of archives scattered all over the world. 

In a very refreshing and quite personal style, the 
author gives a very comprehensive review of the 
progress attained and of the contributions-—small or 
large—made in each country. 

Beginning with Róntgen and his discovery, the 
history of radiology is divided into: (1) The Era of 
the Pioneers; (2) The Golden Age; and (3) The 
Atomic Phase, with the two great wars separating 
these three eras. 

There are 8 chapters of varying lengths with an 
abundance of drawings, tables, charts, photographs 
of individuals, groups, and events. 

There are innumerable biographic annotations, 
giving the major contributions of the pioneers in 
radiology and of those who made radiology what it 
is today. In this connection, Chapter 6 is noteworthy, 
as it gives the story of William Morton, the first 
medical electroradiologist in America, whose career 


took him through psychiatry into medical electricity, 
and then—into radiology. 

Manufacturers of X-ray equipment and acces- 
sories, in this country and abroad, and their part in 
the steady advancement of radiology are discussed 
in detail. The achievements in diagnostic radiology, 
radiation therapy, including radium and radioactive 
isotopes, are likewise reviewed in full. 

There is an excellent presentation of the birth 
and development of the National Radiologic Socie- 
ties in the United States, their growing pains, their 
contributions to, and the significant role they have 
played and continue to play in American radiology 
particularly. 

The book ends with a brief chapter on radiologic 
periodicals, followed by one giving an annotated 
bibliography on radiologic history with chronologic 
tables, forming a historic synopsis of radiology in the 
United States and Canada. 

The bibliography at the end of each chapter is 
extensive and reflects the magnitude of the task 
undertaken by the author. 

Dr. Grigg is a firm believer in private enterprise, 
individual incentive and accomplishments. On page 
637, in a presentation of the accomplishments of 
individual radiologists, he comments on the trend to 
regard teamwork as a solution to most problems: 
“Five, seven, or eleven heads are certainly better 
than one, but could a committee have written Ham- 
let?" "Even in the peculiar world of today, one 
head, supported by one income, can still achieve 
things which to a committee might appear to be a 
staggering, impossible task." It is in this belief that 
E. R. N. Grigg, single-handed, and with one head, 
completed a monumental task and gave us an un- 
parallelled legacy. To him we owe a great debt. 

The Trail of the Invisible Light makes for easy, 
engaging, and fascinating reading. This remarkable 
book, covering the entire history of radiology, is un- 
hesitatingly recommended. 

WirLiAM H. Sugnapr, M.D. 


Principles Or Bone X-Ray Diacnosis. Sec- 
ond Edition. By George Simon, M.D., 
F.R.C.P., F.F.R., Assistant Director, X-Ray 
Department, Brompton Hospital, London; 
Radiologist, St. Bartholomew's Hospital, 
London; Demonstrator, Radiological Anat- 
omy, St. Bartholomew's Hospital, London; 
Curator of the Radiological Museum and 
Teacher of Radiology, The Institute of 
Diseases of the Chest, University of London, 
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London. Cloth. Pp. 193 with many illustra- 
tions. Price, $13.25. Butterworth Inc., 7300 
Pearl Street, Washington 14, D. C., 1965. 


This Second Edition of Principles of Bone X-Ray 
Diagnosis expands the contents of the first edition 
which was published 1n 1960. The material is grouped 
according to the type of x-ray findings rather than 
classified according to clinical diseases. A method of 
study of roentgenograms of the skeletal system re- 
sulting from considerations of the balance between 
absorption, sclerosis and periosteal new bone is 
utilized. Dr. Simon indicates that a study of this 
balance, together with the size, shape and position 
of a lesion, will aid the student in reducing the list 
of possibilities for diagnosis to a less formidable 
number. In addition, it will aid in indicating the 
need for biochemical, endocrine, histologic, hemato- 
logic and bacterial investigations which may not 
otherwise have been performed and which could lead 
to the correct diagnosis, or even result in the im- 
mediate diagnosis, before it might be established 
clinically. 

The new edition contains 53 additional illustra- 
tions, many of which are of conditions not included 
in the first edition; others have been substituted to 
make it easier for the reader to remember and under- 
stand the principles described in the text. The objec- 
tive of selecting examples which illustrate the prin- 
ciples of bone x-ray diagnosis, rather than completely 
cataloging all the conditions, 1s well achieved. 

The size of the book precludes the possibility of 
including roentgenographic reproductions to illus- 
trate every condition described, but mention is made 
of rare conditions as well as the general common 
conditions. 

'The book has been aimed essentially at the trainee 
radiologist. However, the material is such that, as 
a quick reference, it is a useful addition to any 
radiologic library. The contents are skillfully organ- 
ized in 12 chapters and the illustrations are excellent. 
Included in the contents are complementary chapters 
on alterations of joint space (arthritis) and associ- 
ated bone changes, with some hints on x-ray tech- 
nique of bone in unusual sites and calcifications in 
or near a joint. Chapter 7 on “A Translucent Area 
in a Bone" is especially well written. 

The appendage contains additional tables of 
classifications of bone tumors, normal blood chem- 
istry, hematology and urinary findings, as well as 
handy tables for milli-equivalent conversions. 

This excellent book, with many superb illustra- 
tions, can be read with profit, not only by the student, 
but also by the practicing radiologist. 

E. Ni1coLas Sarcent, M.D. 


BOOKS RECEIVED 


Cuarcor Jornrs. By Sidney N. Eichenholtz, M.A., 
M.D., F.A.C.S., Assistant Clinical Professor of 
Orthopaedic Surgery, Cornell University School 
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of Medicine; Attending Orthopaedic Surgeon, 
Bronx Veterans Administration Hospital; Associ- 
ate Attending Orthopaedic Surgeon, Hospital for 
Special Surgery; Assistant Attending Orthopaedic 
Surgeon, New York Hospital; Director of Ortho- 
paedic Surgery, Yonkers Professional Hospital, 
Yonkers, N. Y. Cloth. Pp. 227, with many illus- 
trations. Price, $15.75. Charles C Thomas, Pub- 
lisher, 301-327 East Lawrence Avenue, Springfield, 
Ill., 1966. 

RapioLtocicaL ANATOMY. By D. Nagy, M.D., 
translated by Dr. A. Deák. Edited translation of 
Róntgenanatómia published in Hungary in 1949. 
Cloth. Pp. 516, with many illustrations. Price, 
$17.50. Pergamon Press, Inc., 44-01, 21st Street, 
Long Island City, N. Y., 1966. 

Puysics or InpusrriaL RapioLocv. Edited by R. 
Halmshaw, B.Sc., A.R.C.S., A.InstP., Royal 
Armament Research and Development Establish- 
ment, Fort Halstead, Sevenoaks, Kent, England. 
Cloth. Pp. 491, with 191 illustrations. American 
Elsevier Publishing Company, Inc., 52 Vanderbilt 
Avenue, New York, N. Y., 1966. 

Tur Use or Diacnostic UrrRAsoUuND IN Brar Dis- 
ORDERS. By Charles C. Grossman, M.D., Director, 
Laboratory of Electroencephalography and Diag- 
nostic Ultrasound, Presbyterian-University Hos- 
pital; Senior Staff Physician, Western Pennsyl. 
vania Hospital; Associate Neurologist, Monte- 
fiore Hospital; Consultant, Veterans Administra- 
tion, Magee, St. Margaret and Pittsburgh Hos. 
pitals, Pittsburgh, Pa. Cloth. Pp. 152, with many 
illustrations. Price, $9.00. Charles C Thomas, 
Publisher, 301-327 East Lawrence Avenue, Spring- 
field, Ill., 1966. 

RADIOISOTOPE SAMPLE MEASUREMENT TECHNIQUES 
IN MEDICINE AND BrioLocov. Proceedings of the 
Symposium on Radioisotope Sample Measure- 
ment Techniques in Medicine and Biology held 
by the International Atomic Energy Agency, 
Vienna, May 24-28, 1965. Cloth. Pp. 724, with 
some figures. Price, $15.00. International Publica- 
tions, Inc., 319 East 34th Street, New York, N. Y., 
1965. 

PNEUMOENCEPHALOGRAPHY AND CEREBRAL ÁNGIOG- 
RAPHY. By Bernard S. Epstein, M.D., Clinical 
Professor of Radiology, The Albert Einstein Col. 
lege of Medicine, Yeshiva University, New York 
City; Director of Radiology, The Long Island 
Jewish Hospital, New Hyde Park, N. Y.; Radiolo- 
gist-in-Chief, The Long Island Jewish Hospital. 
Queens Hospital Center Affiliation, Queens, N. Y. 
Cloth. Pp. 349, with many illustrations. Year 
Book Medical Publishers, 35 East Wacker Drive, 
Chicago, Ill., 1966. 

RADIOGRAPHIC ATLAS OF THE Human SKULL: 
NoRMAL Variants AND Pseupo-Lesions. By 
Gerhart S. Schwarz, M.D., Chief of Radiologic 
Services, New York Medical College of Chronic 
Disease Center, Bird S. Coler Hospital, and Pro- 
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fessor of Radiology, New York Medical College; 
Attending Radiologist, Flower and Fifth Avenue 
Hospitals; Visiting Radiologist, Metropolitan 
Hospital; and Charles R. Golthamer, M.D., 
Radiologist, Van Nuys, California. Cloth. Pp. 60, 
plus 12 large plates. Price, $42.50. Hafner Publish- 
ing Company, Inc., 31 East roth Street, New 
York, N. Y., 1965. 


SPLENOPORTOGRAPHY: DIAGNOSTIC PHLEBOGRAPHY 


oF THE Porta Venous System. By Lucien Leger, 
M.D., Professor of Clinical Surgery, Medicine 
Faculty of Paris; Chief Surgeon of Cochin Hos- 
pital, Paris; Member of French Academy of Sur- 
gery. American Lecture Series, No. 634. Edited by 
I. Newton Kugelmass, M.D., Ph.D., Sc.D., Con- 
sultant, Departments of Health and Hospitals, 
New York, N. Y. Cloth. Pp. 121, with many 
illustrations. Price, $8.50. Charles C Thomas, 
Publisher, 301-327 East Lawrence Avenue, Spring- 
field, Ill., 1965. 

PaTHOLoey ron RaApioGRAPHERS. By Dr. G. Ch. F. 
Brinkbok, Radioloog aan het, Nederlands Her- 
vormd Diaconessenhuis te Arnhem. Translated by 
May Hollander. Cloth. Pp. 231, with some illus- 
trations. Price, $10.75. Butterworth Inc., 7300 
Pearl Street, Washington, D. C., 1966. 


Dig ANGEBORENEN FEHLBILDUNGEN DER HAND UND 


IERE OPERATIVE BxknaNDLUNG. By Prof. Dr. 
Alfred N. Witt, Direktor der Orthopadischen 
Klinik und Poliklinik der Freien Universitat Berlin 
im Oskar-Helene-Heim; Priv.-Doz. Dr. Horst 
Cotta, Oberarzt der Orthopádischen Klinik und 
Poliklinik der Freien Universitat Berlin im Oskar- 
Helene-Heim; and Dr. Michael Jäger, Wiss. 
Assistent der Orthopádischen Klinik und Poli- 
klinik der Freien Universitat Berlin im Oskar- 
Helene-Heim. Cloth. Pp. 174, with 92 illustrations. 
Price, Ganzleinen DM 57.-. Georg Thieme Verlag, 
Stuttgart. In the U.S.A. and Canada, Intercon- 
tinental Medical Book Corporation, New York 16, 
N. Y., 1966. 


DEVELOPMENTAL AND MreTAnBOLIC ConrroL Me- 


CHANISMS AND NEOPLASIA. Collection of papers 
presented at the Nineteenth Ánnual Symposium 
on Fundamental Cancer Research, 1965. Pub- 
lished for The University of Texas M. D. Anderson 
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Hospital and Tumor Institute. Cloth. Pp. 514, 
with many illustrations. Price, $16.00. The Wil- 
liams and Wilkins Company, Baltimore, Md., 1966. 


Introbucrion ala SciNTIGRAPHIE CLINIQUE: ATLAS. 


By B. Delaloye, with the collaboration of P. 
Magnenat, B. Scazziga, and G. Gauthier. Paper. 
Pp. 262, with 192 illustrations. Price, 84 F. 
Masson & Cie, Editeurs, 120 Boulevard Saint- 
Germain, Paris, 1966. 


CLINICAL Foot RoEgNTGENOLOGY: AN ILLUSTRATED 


Hanpsoor. By Felton O. Gamble, D.S.C., 
F.A.C.F.R., Ed.D.(Hon.), Professor Emeritus of 
Roentgenology, Temple University, School of 
Chiropody; Past President and Fellow, American 
College of Foot Roentgenology; Past President, 
American Podiatry Association; Formerly, Chief 
of Foot Clinic, Metabolic Department, Presbyter- 
ian Hospital, Philadelphia; and Irving Yale, 
D.S.C., F.A.C.F.R., Ed.D.(Hon.), Vice-president, 
American Podiatry Association; Past President 
and Fellow, American College of Foot Roentgen- 
ology; Formerly, Lecturer in Roentgenology, Long 
Island University, College of Podiatry; Formerly, 
Chief of Podiatry Service, Orthopedic Section, 
Department of Surgery, Yale-New Haven Com- 
munity Hospital; Fellow, American Public Health 
Association. Cloth. Pp. 292, with 412 illustrations. 
Price, $15.50. Williams and Wilkins Company, 
Baltimore, Md., 1966. 


MANUAL DE TzLECOBALTOTERAPIA. By Dr. Raul 


Vera, A.B.R., A.R.S., A.C.R., S.V.O, S.V.C., 
S.V.U., Profesor Titular, Cátedra de Clinica Elec- 
tro-Radiológica, Sección de Radioterapia y Radio- 
isótopos, Facultad de Medicina, Universidad 
Central de Venezuela, Caracas; Jefe del Departa- 
mento de Radiaciones, Instituto de Oncologia 
"Luis Razetti," Caracas; and Dr. Modesto Rivero 
Gonzalez, S.V.R., S.V.O, S.V.C, S.V.MLL, 
S.V.U., Profesor Agregado, Cátedra de Clínica 
Electro-Radiológica, Sección de Radioterapia y 
Radioisótopos, Facultad de Medicina, Universi- 
dad Central de Venezuela, Caracas; Médico- 
Adjunto del Departamento de Radiaciones, Insti- 
tuto de Oncología “Luis Razetti,” Caracas. Cloth. 
Pp. 141, with 68 illustrations. Libreria University, 
Apartado 10786, Caracas, Venezuela, 1966. 
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SOCIETY PROCEEDINGS 


MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED SrATES OF AMERICA 


American RoEgNTGEN Ray SOCIETY 
Secretary, Dr. C. Allen Good, Mayo Clinic, Rochester, 
Minn. Annual meeting: San Francisco Hilton Hotel, San 
Francisco, Calif., Sept. 27-30, 1966. 

AMERICAN IUM SOCIETY 
Secretary, Dr. Fernando G. Bloedorn, Division of Radio- 
therapy, University of Maryland Hospital, Baltimore, 
Md. 21201. Annual Meeting: Royal York Hotel, Toronto, 
Ont., Canada, May 29-31, 1967. 

RADIOLOGICAL Society or NORTH AMERICA 
Secretary-Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fiftyighth St., Lincoln, Neb. Annual meeting: 
Palmer House, Chicago, IIL, Nov. 27—Dec. 2, 1966. 

AmERICAN COLLEGE oF RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Ill. Annual meeting: Beverly Hilton 
Hotel, Los Angeles, Calif., Jan. 21-Feb. 4, 1967. 

SECTION ON RADIOLOGY, American MEDICAL ASSOCIATION 
Secretary, Dr. Clyde A. Stevenson, Sacred Heart Hospi- 
tal, West ror Eighth Ave., Spokane 4» Wash. Annual 
meeting: Chicago, Ill., June 26~30, 1966. 

AMERICAN Boarn or RADIOLOGY 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, Rochester, Minn. 

The Spring 1966 examination will be held at the Ter- 
race Hilton Hotel, Cincinnati, Ohio, June 6-10, inclusive. 
The deadline for filing applications for this examination 
was December 31, 1965. 

The Fall 1966 examination will be held at the Wash- 
ington Hilton Hotel, Washington, D.C., December 5-9, 
ra The deadline for filing applications is June 30, 
1966. 

AMERICAN ASSOCIATION OF PHysicists IN MEDICINE 
Secretary, Leonard Stanton, Hahnemann Medical College, 
230 N. Broad St., Philadelphia, Pa. 19102. Annual meet- 
ing to be announced. 

AMERICAN CLuB or TuznAPEUTIC RADi10LOGISTS 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 

TWELFTH INTERNATIONAL CONGRESS or RADIOLOGY 
President, Dr. Kempo Tsukamoto, 9-1, 4-chome, Angawa, 
Chiba, Japan. Meeting: Hotel New Otani, Tokyo, Japan, 
Oct. 6—11, 1969. 

NINTH [INTER-AMERICAN Conoress or RADIOLOGY 
Counselor for the United States, Dr. Philip J. Hodes, 
Jefferson Medical College Hospital, 11th and Walnut 
Streets, Philadelphia 7, Pennsylvania. 

President, Dr. Leandro Zubiaurre, Montevideo, Uruguay. 
Meeting: Montevideo, Uruguay, 1967. 

InTER-AMERICAN COLLEGE OF RADIOLOGY 
President, Dr. Oscar Soto, H. Urteaga 480, Lima, Pert. 

ALABAMA RADIOLOOICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama State Medical Association. 

AMERICAN NUCLEAR SOCIETY 
Treasurer, Raymond Maxson, 86 E. Randolph St. 
Chicago, Il. Annual meeting to be announced. 

AMERICAN SOCIETY ror DIAGNOSTIC ULTRASOUND 
Secretary, Dr. Charles C. Grossman, 552 N. Neville St., 
Pittsburgh, Pa. 15213. 

ARIZONA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George Gentner, 3435 W. 
Durango; Phoenix, Ariz. Two ar meetings a year. 
Annual meeting at time and place of State Medical Asso- 
ciation and interim meeting six months later. 


ARKANSAS CHAPTER OF American COLLEGE or RADIOLOGY 
Secretary-Treasurer, Dr. James R. Morrison, 550 S. 
University, Little Rock, Ark. 72205, 

ARKANSAS IOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 

Association OY Universrry RADIOLOGISTS 
Secretary- Treasurer, Dr. Morton M. Kligerman, Dept. 
of Radiology, Yale University Medical School, New 
Haven, Conn. Annual meeting—to be announced. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly except during sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 P.M., 

BAvARIAN-AMERICAN RADIOLOGIC SOCIETY 
Secretary, Dr. Roy R. Deffebach, Major, MC, Radiol 
Service, «th General Hospital, APO 1 $45 New York, N.I. 
Meets quarterly. 

HON D HUMUS A Pu TR E: 

ecretary- Treasurer, Dr. o d, 441 Lombardy 
Rd., Drexel Hill, Pa. 19026. 

BrvEgonAss RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Arthur Lieber, University of 
Kentucky, University Hospital, Lexington, Kentucky. 
Meets quarterly. 

BrooxLyN RanroLoaIcaL SOCIETY 
Secretary, Dr. Edward Feely, St. Johns Episcopal Hos- 

ital, 480 Herkimer St., Brooklyn, N. Y. Meets first 
ursday of each month, October through June. 

BvrrAro RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Munschauer, 130 Hodge Ave., 
Buffalo, N.Y. 14222. Meets second Monday evening each 
month, October to May inclusive. 

CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. Henry Garland, Suite 1739, 450 Sutter 
St., San Francisco, Calif. Meets annually during meeting 
of California Medical Association. 

A ha Rano Po ui -— 

ecretary, Dr. Emmett te, r. Q. 303, Ruther- 
ford College, N. C. Meets every Tuesday, Dept. of 
Radiology, Valdese General Hosp., Valdese, N. C. at 
12:00 P.M. 

CENTRAL New Yorx RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert A. Bornhurs 
Univ. Hospital, 750 E. Adams St., Syracuse, N. Y. 13210. 
Meets first Monday each"month, October through Mi. 

CENTRAL Ouro RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Atis K. Freimanis, Ohio State 
Univ. Hospitals, 410 W. roth Ave., Columbus, Ohio 

3210. Meets second Thursday in October, November, 
Touar: and March 15 and May 19 at Fort Hayes Hotel, 
Columbus, Ohio. 

CENTRAL SOCIETY OF NUCLEAR MEDICINE 
Secretary, Dr. Robert S, Landauer, Radiation Center 
Bldg., 1903 West Harrison St., Chicago 12, Ill 

Cu1cAco RozNTGEN Socrery 
Secretary- Treasurer, Dr. Fredric D. Lake, 2548 N. Lake- 
view Ave., Chicago, Ill. 60614. Meets second Thursday of 
each month, October to April except December at the 
Pick-Congress Hotel at 8:00 P.u. 

CLEVELAND RADIOLOGICAL SocrETY 
Secretary-Treasurer, Dr. James Christie, 10515 Carnegie 
Avenue, Cleveland, Ohio. Meetings at 7:00 ».M. on fourth 


State 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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Monday of October, November, January, February, 
March and April. 
Cororapo RADIOLOGICAL SOCIETY 


Secretary, Dr. ere F. Wertz, 1801 High St., Denver, 
Colo. Meets third Friday of each month at Denver Ath- 
letic Club from September through May. 


Ornar Dr. Wiliam W. Walthall, Jr, 130 Maple S 

er r. am W. r., 130 Maple St., 

Springfield, Mass. Meets in April and October. 

DaLLAs-FonT WozgTH RADIOLOGICAL SOCIETY 
Secretary-Treasurer, John S. Alexander, 1217 W. Cannon, 
Ft. Worth, Tex. Meets monthly, third Monday, at South- 
west International Airport at 6:30 P.M. 

Paraan, Dx. Robert L. Willis Harper Hospital, Detroi 

ecretary, Dr. Ro . Willis, Harper Hospital, Detroit 

1, Mich. Meets monthly, first Thursday, October through 
May, at David Whitney House, 1010 Ántietam, at 6:30 


P.M. 

East Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Tom H. Piatt, 12 Camino Encinas, Orinda, 
Calif, 63. Meets first Thursday each month, Oct. 
ouek May. at University Club, Oakland, Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 


Secretary, Dr. C. H, Kimball, 2200 Harris Circle, Cleve- 


land, Tenn. Meets in January and September. 

EASTERN RADIOLOGICAL SOCIETY 
Secretary, Dr. James F. Martin, North Carolina Baptist 
Hospital, Winston-Salem, N. C, 

FLoripA RADIOLOGICAL SOCIETY 
Secretary, P i C, Jowett, Orlendo, Fla. Meets twice 
annually, in the spring with the annual State Society 
Meeting and in the fall. 

FrionIDA West Coast RADIOLOGICAL SociETY 
Secretary-Treasurer, Dr. Garth R. Drewry, Tampa 
General Hospital, Tampa 6, Fla. Meets in January, 
April, July and October. 

Gzozci4 RADIOLOGICAL SOCIETY 
Secretary, Dr. 1. R. Berger, 1010 Prince Ave., Athens, Ga. 
Meets in spring and fal with Annual State Society 
Meeting. 

GREATER Mia RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Arthur R. Miller, North Miami 
General Hospital, 1701 N.E. 127th St., North Miami, 
Fla. Meets monthly, third Wednesday at 8:00 Pu. at 
Jackson Memorial Hospital, Miami, Fla. 

GREATER ST. Louis Society or RADIOLOGISTS 
Secretary Tre e, urer, Dr. John W. Fries, 3520 Chippewa 
St., St. Louis, Mo. 63118. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. Wiliam A. Vint, 1004 Seymour, Pasadena, 
Tex. Meets fourth Monday of cach month, except June, 
Juty, August and December, at the Doctors’ Club, 
8:00 P.M., Houston, Tex. 

Ipano State RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

ILLIKxors RADIOLOGICAL SOCIETY 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, Til. Meets in the spring and fall. 

Inpiana RoxNTGEN Society, Inc, 

Secretary, Dr. Richard A. Silver, 1815 N. Capitol Avenue, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

Iowa RADIOLOGICAL SOCIETY 
Secretary, Dr. La L. Maher, 1419 Woodland Ave., Des 
Moines, Iowa. Luncheon and business meeting during 
annual session of Iowa State Medical Society. The scien- 
tific section is held in the autumn. 

KANSAS RADIOLOGICAL SOCIETY 
Seeretary-Treasurer, Dr. Robert C. Lawson, 310 Medical 
Arts Bldg., roth and Horne, Topeka, Kan. Meets in 
spring with State Medical Society and in winter on call. 

KENTUCKY CHAPTER, AMERICAN COLLEGE or RADIOLOGY 
Secretary-Treasurer, Dr. Robert H. Greenlaw, Dept. of 
Radiology, Univ. of Kentucky Med. Ctr., Lexington, Ky. 
Meets semiannually. 

KzNTUCKY RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joan R. Hale, 402 Heyburn 
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Building, Louisville, Ky. Meets monthly on second 
Friday at Sheraton Hotel, Louisville, Ky. 

Kinos Country RADIOLOGICAL SOCIETY 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 30, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 

KNOXVILLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Lone IsLanpD RADIOLOGICAL SOCIETY 
Secretary, Dr. David Faegenburg, Nassau Academy of 
Medicine, 1200 Stewart Ave., Garden m LL N. I. 

II 533- eets second Tuesday of the month in February 
April, June, October and December. 

Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph A. Parks, 15107 Vanowen St., Van 
Nuys, Calif. Meets second Wednesday of month in 
September, November, January, April and June at Los 
Angeles County Medical Association Building, Los 
Angeles, Calif. 

LouisiANA-TExAs Gur r Coasr RADIOLOGICAL SOCIETY 
Ma^ Meo Dr. Edward A. Sheldon, 109 Doctors 
Bldg., Beaumont, Texas 77701. 

Mains RADIOLOGICAL SOCIETY 


Secretary, Dr. J. T. Chen, 7 Cherry Hill Terrace, Water- 
ville, Me. Meets in June, September, December and 
Apri 


MARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Md. 
Mempuis ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. Vernon I. Smith, Jr., Suite 203, 
1085 Madison Ave., Memphis, Tenn. 38104. Meets first 
Monday of each month at John Gaston Hospital. 
Miami VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Darwood B. Hance, Reid Memorial Hos- 
pital, Richmond, Indiana. Meets third Tuesday of fall 
and winter months at 7:30 p.m. at Miami Valley Hospi- 
tal, Dayton, Ohio. 
r-Hupson RADIOLOGICAL SOCIETY 
Seeretary-Treasurer, Dr. Alexander W. Friedman, Mid- 
Hudson Medical Group, Fishkill, N. Y. Meets 7:00 P.M., 
first Wednesday of each month, September to May. 
MILWAUKEE D eee aa i T 
Secretary-Treasurer, Dr. Dona . Babbitt, 1700 W. 
Wisconsin Ave. Milwaukee, Wis. 53233. Meets monthly 
a ds Monday, October through May, at University 
ub. 
MINNESOTA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Edward A. Peterson, 572 Lowry 
Medica! Arts Bldg., St. Paul, Minn. Meets twice an- 
nually, fall and winter. 
Miss1ssippI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Dan T. Keel, Jr., 504 Chippewa 
St., Brookhaven, Miss. Meets third Thursday of each 
month at the Heidel Hotel, Jackson, at 6:00 P.m. 
Missouri RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. M. Shoss, Cape Girardeau, Mo. 
Montana RADIOLOGICAL SOCIETY 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 
NEBRASKA STATE RADIOLOGICAL SociETY 
Secretary, Dr. Richard Bunting, The Radiologic Center, 
Nebraska Methodist Hospital, Omaha 31, Neb. Meets 
third Wednesday of each month at 6 p.m. in Omaha or 
Lincoln. 
Nevapa RADIOLOGICAL SOCIETY 
Secretary, Dr. William G. Arbonies, Department of 
Radiology, St. Mary’s Hospital, Reno, Nev. 
New ENGLAND Rogwrgen Ray Sociery __ 
Secretary, Dr. Jack R, Dreyfuss, Zero Emerson Place, 
Boston, Mass. o2114. Meets third Friday of each month, 
October through April, at The Longwood Towers, 20 
Chapel Street, Brookline, Mass., at 4230 P.M. 
New Hampsoire Rogntozen Ray Society 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 
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New Mexico Assocration or RADIOLOGISTS 
Secretary-Treasurer, Pr Jasun J. Wolfson, Department 
of Radi Bernali County-Indian Hospital, 
Albuquerque, New Mexico. 

New Mexico Sociery or RADIOLOGISTS 
Secretary, Dr. William G. McPheron, Hobbs, New 
Mexico. Four meetings annually, three held in Albuquer- 
que, N. M., and one held at time and place of New 
Mexico State Medical Society annual meeting. 

New Yore Roenroen Society 
Secretary, Dr. Milton Elkin, Albert Einstein College of 
Medicine, Bronx, N.Y. 10461. Meets monthly on third 
Monday at the New York Academy of Medicine at 4:30 
p.m. Annual meeting to be announced. 

NonTH CAROLINA RADIOLOGICAL SOCIETY 
Secretary, Dr. E. H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

Norta DakorA RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert J. Olson, 1240 8th Ave., Williston, 
N. D. Meets at time of State ical Association meet- 
ing. Other meetings arranged on call of the President. 

Norta FLorma RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
cried ue 7, Fla, Meets quarterly in March, June, 

ptember and December. 

NORTHEASTERN NRW York RADIOLOGICAL SOCIETY 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albany 6, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. aes Turner, 1215-28th St, 
Sacramento, Calif. Meets fourth Monday of Sept., Nov., 
Jan., March and May at the Sutter Club in Sacramento, 

NORTHWESTERN On10 RADIOLOGICAL Society 
Secretary, Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Onto State RADIOLOGICAL SOCIETY 
Secretary, Dr. Mortimer Lubert, Cleveland, Ohio. An- 
nual meeting to be announced. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert Sukman, 1200 N. Walker, Okla- 
homa City, Okla. Meets in January, May and October. 

OnaANGE County RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Logan, 301 Newport Blvd., 
Newport Beach, Calif. Meets fo Tuesday of every 
month at Orange County Medical Association Build- 
ing. 

OnrzcoN RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert S. Miller, 13753 S.W. 
Farmington Rd., Beaverton, Ore. 97005. Meets on second 
Wednesday of month, October ugh April, at the 
University Club, Portland, Ore. 

OzLEANs Paris RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La, Meets second Tuesday of each month. 


Pacrric Nos THWEST RADIOLOGICAL SOCIETY 
Secretary Treasurer, Dr. Willis Taylor, 1118 oth Ave., 
Seattle, Washington. Annual meeting to be announced. 
PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. T. Frederick Weiland, Jr., 619 Ridgeway 
Ave., Grove City, Pa. Annual meeting to be 
announ 


PHILADELPHIA RozNTGEN Ray SOCIETY 
Secretary, Dr. C. Jules Rominger, Misericordia Hospital, 
4th St. and Cedar Ave., Philadelphia, Pa. 19143. Meets 
rst Thursday of each month at 5 P.M., from October to 
May in Thompson Hall, College of Physicians. 
PrrrssuncH RogNTGEN SOCIETY 
Secretary, Dr. Robert N. Berk, 3305 Fifth Ave., Pitts- 
burgh 13, Pa. Meets second Wednesday of month, Octo- 
ber through June at Park Schenely Restaurant. 
RADIOLOGICAL SOCIETY OF CONNECTICUT, Ine, 
Secretary-Treasurer, Dr. Orlando F. Gabriele, 1450 
Chapel St., New Haven 11, Conn. Meetings are held 
quarterly, i ] 
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RADIOLOGICAL SOCIETY or GREATER CINCINNATI 
Secretary, Dr. Harold N. Margolin, 6159 Tulane Road, 
Cincinnati, Ohio, Meets first Monday of each month at 
Cincinnati Academy of Medicine. 

RADIOLOGICAL SOCIETY oF GREATER Kansas Crrr 
Secretary, Dr. J. Stewart Whitmore, roro Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

RaDIOLoGIcaL Society or Hawan 
Secretary-Treasurer, Dr. Robert W. Edland, P.O. Box 
282, USA Tripler General Hospital, Honolulu, Hawaii. 
Meets third Monday of each month at 7:30 P.M. 

RADIOLOGICAL Society or Kansas Crry 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL SOCIETY OF LOUISIANA 
Secretary, Dr. Lester W. Eavenson, 2700 Napoleon Ave., 
New Orleans 15, La. Meets semiannually, during Loui- 
siana State Medical Society meeting and 6 months later. 

RADIOLOGICAL Socrery or New JERSEY 

AE Dr. E. Arthur Kratzman, 912 Prospect Ave., 

Plainfield, N. J. Meets in Atlantic City at time of State 

Medical Society meeting and in October or November 
in Newark, N. J. 

RADIOLOGICAL Society oF RHODE [SLAND 
Secretary-Treasurer, Dr. John M. Vesey, 1196 Elmwood 
Ave., Cranston, R. I. 

RADIOLOGICAL SOCIETY or Sovrg DAKOTA 
Secretary-Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. Gerald M. McDonnel, U.C.L.A. 
Medical Center for Health Sciences, Los Angeles, Calif. 
90024. Meets three times a year, usually October, Febru- 
ary, and May, 

RADIOLOGICAL SOCIETY OF THE STATE 0r New YORK 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester 18, N. Y. 

Repwoop Expire RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee E. Titus, 164 W. Napa St, Sonoma, 
Calif. Meets second Monday every other month. 

Ricamonp Country RADIOLOGICAL SOCIETY 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
ioe on Ga. Meets first Thursday of each month at 
various hospitals. 

RocmesrER Roenraen Ray Socrery, Rocuestrr, N. Y. 
Secretary, Dr. Irving B. Joffe, Rochester General Hos- 
pital, 1425 Portland Ave., Rochester 21, N. Y. Meets at 
8:15 P.M. on the last Monday of each month, September 
through May, at Strong Memorial Hospital. 

Rocxy Mountain RADIOLOGICAL Society 
Secretary-Treasurer, Dr. Robert W. Lackey, 4200 E. 
Ninth Ave., Denver, Colo. Annual meeting: Brown 
Palace Hotel, Denver, Colo., Aug. 18-20, 1966. 

Saw AxToNIO-MiLrrAzY RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bidg., San Antonio & Tex. Meets third Wednesday of 
each month in Fort Sam Houston Officer’s Club at 6230 
P.M, 

San Digao RADIOLOGICAL SOCIETY 
President-Secretary, Charles P. Hyslop, 7901 Frost St., 
San Diego 22, Calif. Meets first Wednesday of each 
month at the University Club. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. H. Joachim Burhenne, Children’s Hospital 
and Adult Medical Center, 3700 California St., San Fran- 
cisco, Calif. 94119. Meets quarterly at the San Francisco 
Medical Society, 250 Masonic Ave., San Francisco, 
Calif. 94118. 

SECTION on RADIOLOGY, CALIFORNIA MEDICAL ÁssoctaTION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section on Raprotocy, MxpicAL SocrgTY or THE Dis- 
TRICT or CoLUMBIA 
Secretary-Treasurer, Dr. George T. Hennessey, Washing- 
ton, D. C. Meets at Medical Society Library, third 
Wednesday of January, March, May and October at 
8:00 P.M. 
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Secrion ow RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Andrew F. Giesen, Jr., White-Wilson 
Clinic, Fort Walton Beach, Fla. Annual meeting: 

Washington, D D. C., Nov. 14-17, 1966. 
SECTION ON RADIOLOGY, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La, Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

Society ror PEDiATRIC RADIOLOGY 
Secretary, Dr. John L. Gwinn, oca d ital, 4614 
Sunset Blvd., Los Angeles 27, C unda mercure: 
zu F Ar Hilton Hotel, San Piden Calif., Sept. 

, 1966. 

SOCIETY or NucLEAR MEDICINE 
Secretary, Mr. C. Craig Haris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N, Turiel, 430 N. cta Ave., Chicago 11, Il. 
Annual meeting to di announced. 

Sovru Bay RanroLoaIrcaL Soctery 
des $ Morhen Section: Dr. John H. Callaghan, 

pee e Ave., Redwood City, Calif.; Southern Sec- 
an Dr. leton J. ME oes Clarman Way, San 
Jose, Calif. Meets second ay of each month. 

Sours CAROLINA RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brunson, 1406 Gregg S 
Columbia, S. C. Annual meeting (primarily ME 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

Soura Daxota RaptoLrooicAL SOCIETY 


Secretary, Dr. Donald J. Peik, 1417 S. Minnesota Ave 
Sioux S. Dak. Meets in spring with State Medical 
Society and in fall. 


SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. Annual meeting to 
be announced. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John M. McGuire, 9c4 Chelsea, El Paso, 
Tex. Meets last Monday of each month at 6: 30 P.M. in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. E. K. Carter, Holston Valley 
Community Hosp., Kingsport, Tenn. Meets annually at 
the time and place of he ennessee State Medical Asso. 
ciation mecting. 

Texas RADIOLOGICAL SOCIETY 


Secretary, Dr. Herman C. Sehested, 815 Medical Arts 
Bldg., ort Worth 2, Tex. Annual meeting to be an- 
nounced, 


Tri-Srare RADIOLOGICAL SOCIETY 
Secre ary, Dr. John H. Marchand, Jr., Methodist Hos- 
ital, enderson, Ky. Meets third Hir of Oct., 
Jan. , March and May, 8:00 p.u., Elks Club in Evans. 
ville, Ind. 
Unrverstry or MICHIGAN DEPARTMENT OF ROENTGEN- 
OLOGY Starr MEETING 
Meets each Monday evening from September to June, at 
7:00 P.M, at University Hospital, Ann Arbor, Mich. 
Upper PENINSULA RADIOLOGICAL SocrgTY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
qu y- 
Uraz Strate RADIOLOGICAL SOCIETY 
Secretary, Dr. Carlisle C. Smith, Salt Lake Genera JHos- 
ital, 2033 S. State St., Salt Lake City, Utah. Meets 
ourth ednesday in January March, May, September 
and November at Holy Cross Hospital. 
VERMONT RADIOLOGICAL SOCIETY 
Serita Dr. John R. Williams, 160 Allen St., Rutland, 
t. 


VinciN1A RADIOLOGICAL SOCIETY 
HAN , Dr. John, M. Ratliff, Mery Immaculate Hos- 
ewport News, Va. 
POR, STATE RADIOLOGICAL SOCIETY 
ra pic Dr. Owen Marten, 930 Terry Avenue, Seattle, 
ceta quarterly. 
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ara DF Kal J.M Myers, The Myers Clinic-Broad 
Secr r. Kar ers, ihe Myers c-Broad- 
dus Hostital W Va. Meets concurrently with 
Annual eeting a Wes t ii State Medical Society; 
other meetings arranged by program committee. 

WESTCHESTER County RADIOLOGICAL SOCIETY 
Secretary, Dr. Arnold Gerson, Medical Arts Bldg., Mt. 
Vernon, N. Y. Meets on third Tuesday of January and 
October and on two other dates. 

Wisconsin RADIOLOOICAL SOCIETY 
Secretary-Treasurer, Harold F. Ibach, 2400 W. Villard 
Ave., Milwaukee, Wis. Meets twice a year, May and 
September. 

WyowuiNo RADIOLOGICAL SOCIETY 
Secretary, Dr. Ronald R, Lund, W. oth St., r 
Wyo. Meets in fall with State Medical Society and in 
spring on call of President. 


Cuga, Mexico, Purrro Rico AND CENTRAL AMERICA 


ASOCIACIÓN DE RADIÓLOGOS DE CENTRO AMERICA Y 
PANAMÁ, Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panamá. 
Secretary-General, Dr. Roberto Calderón, Calle Central 
Oeste No. 218, Managua, Nicaragua, Central America. 
Meets annually į in a rotating manner in the six countries. 

SociRDAD DE Raprotocfa pg EL SALVADOR 
Secretary, Dr. Rafael Vaga Gómez. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 97. Calle A 0-05, Zona 1, 
Guatemala. 

SOCIEDAD px RADIOLOGÍA v FistorERAPÍA CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, wet. y oe Habana, Cuba. Meets monthly at 

i 

SUCRDAD Co cues DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vin, 
San José, Costa Rica. 

SocrEDAD Mexicana DE Raprorocfa, A.C. 


Calle del Oro No. 15, México 7, D. F. 
Secretary -General, Dr. E. Alvarez Hernández. 
Meets first Monday of each month. 


AsocraciOn PuERTORRIQUENA DE RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., E. Puerto Rico. 
SOCIEDAD RADIOLÓGICA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323 
Panamá, R. de P. Meets monthly in a department o 
radiology of a local hospital chosen at preceding meeting. 
SocrgDAD Rapio.écica DE Puerto Rico 


Secret e Jorge Carreras Girard, Suite so4, Profes- 
sional Santurce, Puerto Rico. Meets second Thurs- 
day of 2 | month at 8:00 p.m. at the Puerto Rico Medi- 


cal Association Bldg. in San Juan. 


Barrisu COMMONWEALTH OF NATIONS 


AssociATION OF RADIOLOGISTS OF THE PROVINCE OF QUEBEC 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., eets 
four times a year. 

Bnrrisg IssrrrvurE or RADIOLOGY 
Honorary Secretary, Dr. G. H. du Boulay, 32 Welbeck St, 
London, W. r, England. Meets monthly from October 
until May. Annual meeting to be announced 

CANADIAN ÁssOCIATION or Paysicisrs, Division or 
MEDICAL AND Bioroaicar Puysies. 

Honorary Se - Treasurer, Paul M. Pfalzner, Dept. of 
Therapeutic Radiology, University of Western Ontario, 
London, Ont., Canada. Annual meeting to be announced, 

EDMONTON AND Disrarcr RADIOLOGICAL SOCIETY 
e rg D V. Evans, 105 OE CARE Bldg., Al- 
berta, Pade Med second Tuesday ch month in 
various Edmonton Hospitals. 

iid semp Ds. Mn T 

onorary Secretary, Dr attinson, 47 "s 
Fields, London W.C. England. Annual meeting 
to be announ 

FacurTY or S M Roya COLLEGE or SURGEONS 
IN IRELAND 


Canada. 
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Registrar, Dr. H. O'Flanagan, F.R.C.P.I., D.P.H., 
St. Stephens Green, Dublin 2, Ireland 

SECTION Or RADIOLOGY OF THE geste ‘Socrery or Meni- 
CINE (CONFINED To MEDICAL MEMBERS) 
Meets third Friday each month at 4:45 p.m. at the Royal 
Wed of Medicine, 1 Wimpole St., London. W. 1, Eng- 


CANADIAN ÅSSOCIATION OF RADIOLOGISTS 
Honorary Secretary-Treasurer, Dr. Maurice Dufresne, 
Associate Honorary Secretary-Treasurer, Dr. F. Robert 
MacDonald, 1 $55 Summerhill Ave., Montreal 25, Que., 
Canada, Annu meeting to be announced. 

Montreat RADIOLOGICAL Strupy CLUB 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, ‘October to April. 

SECTION OF RADIOLOGY, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

T y cuu ie dam 2 RADIOLOGIE SE 

ecretary General, Dr. Jacques pérance, 1656 Sher- 

brooke Bust. Montreal, Que., Canada. Meets every third 
Tuesday from October to April. Annual meeting to be 
announced. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada, Meets second Monday of 
each month, September through May. 

CoLLEOR or RADIOLOOISTS OF AUSTRALASIA 
Honorary Secretary, Dr. E. A. Booth, c/o British Medical 
Agency, 135 Macquarie St., Sydney, N.S.W., Australia. 


SOUTH ÁMERICA 


ASOCIACIÓN ARGENTINA DE RAproLoGÍA 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 
ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Afiafios, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 P.M. in the Hospital 
Nacional de Centenario, Santa Fe 1300, Rosario. 
Coréc1io BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Tede Eston de Eston, Caixa Postal 
5984, São Paulo, B 
SOCIEDAD audes DE RADIOLOGIA 
Secretary, Dr. Edwarde A. Navarrine, Santa Fe 1171, 
Buenos hires. Mectings are held monthly. 
SocrEDAD Botrvana DE RapioLocíA 
Secretary, Dr. Javier Prada Méndez, Casilla 1 ears 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 
SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
fanero, Brazil General Assembly meets every two years 


So CiEDADÉ NA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644, São Paulo, Brazil. Meets. monthly on 
second Wednesday at 9:00 p.m. in Sžo Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SOCIEDAD CHILENA DE RADIOLOGÍA 


Secret Dr. J. P. Velasco, Avenida Santa María 
O4IO, antiago, Chile, Meets fourth Friday of each 
mon 


SOCIEDAD COLOMBIANA DE RADIOLOGIA 
Sere, Dr. Armando Uribe, Hospital Miltar Central, 
artado aéreo No. 5804, Bogotá, ve Meets last 
s inlra of each month. 
SOCIEDAD ECUATORIANA DE Raprotocfa v FISIOTERAPÍA 
em Dr. Luis Blum, P.O. Box 3712, Guayaquil, 
Ecuador. 


Socrepap PARAGUAYA DE RapioLoofa 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 


SOCIEDAD PERUANA DE RADIOLOGIA 
ere , Dt. nu nmi yen o 2306, m mi 
ect mon except anuary, February 
at Asocación Médi ca Derim a “Danie A. 


Cina illalta 218, Lima. 


Society Proceedings 


547 

SOCIEDAD DE RADIOLOGICA DEL [co 
Secretary, Dr. Raul Fernandez, Calle 40 441-110, Baran- 
uilla, olombia, Society meets monthly j the Ínstituto 


e Radiologia. 

SeocrzpapD DE RaproLocíA, CawcEROLOGÍA Y  FfsicA 
Mépica DEL UrUGUAY 
Secretary-General, Dr. Ernesto H. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE IOLOGIA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

SOCIEDAD DE RozNrTGENOLOGÍA Y MEDICINA NUCLEAR DE 
LA PROVINCIA DE CÓRDOBA 
Secretary-General, Dr. Lucas C, Di Rienzo, Ave. Grl. 
Paz 151, Córdoba, Argentina. 

SOCIEDAD VENEZOLANA DE RADIOLOGÍA 
Secretary-General, Dr. Luis F. Muro, Apartado No. 9362 
Candelaria, Caracas, Venezuela. Meets Bet Cage 
Friday at Colegio Médico del Distrito Federal, Caracas. 


CONTINENTAL EUROPE 


ÖSTERREICHISCHE RÓNTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria, Meets second Tuesday of each month in 

emeine Poliklinik, Annual meeting to be announced. 

Soc BELGE DE RADIOLOGIE 
General Secretary, Prof. Simon Masy, Louvain, Belgium. 
Meets in February, March, May, June, September, 
October, November and ber. 

Socréré EUROPÉENNE DE RADIOLOGIE PÉDIATRIQUE 
Permanent Secretary, Dr. Jaques Sauvegrain, Hôpital des 
Enfants-Malades, 149, rue vres, Paris 15e, France. 
General Seer E Ole Eklöf, P.O. Box, Stockholm 60, 
Sweden. Annu tp be announced. 

SocrÉTÉ EAR ANA. D'ELECTRORADIOLOGIE MÉDICALE, 
and its branches: SocrÉrÉ pu SuD-OuEsrT, DU LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU LYONNAIS, DU 
Nozp, DE L'Ouzssr, DE LEST, ET D'ÁLGER ET D ' AFRIQUE 
pu Nozp. Central Society meets third Monday of each 
month, ex t dunn July, August and September, rue 
de Seine I2, Paris, France. 

Secretary-General, Dr. Ch. Proux, 9 rue Daru, Paris 8°, 
France. 
ČESKOSLOVENSKÁ Sporetnosr pro ROENTGENOLOGI A 
IOLOGII 
Secretary, Dr. Robert Poch, Praha 15 Srobárova do ; 
Czechoslovakia. Meets monthly ex t during July, 
August and September. Annual ee meeting. 

DeurscuHe RONTGENGESELLSCHAFT 

Secretary, Professor Dr. med. H. Lossen, Universitäts 


Róntgeninstitut, nbeckstr. 1, Mainz, "Germany. 
SOCIETÀ ITALIANA DI IOLOGIA MEDICA E DI MEDICINA 

NUCLEARE 

Secretary, Dr. Ettore Conte, Ospedale Mauriziano, 


Torino, Italy. M Meets annually. 
NEDERLANDSE VERENIGING voor RADIOLOGIE 
Secretary, Dr. H. F. O. Stricker, Schalklaar, Netherlands. 
SCANDINAVIAN ROENTOEN SOCIETIES 
The Scandinavian roentgen societies have formed a 
int association called the Northern Association for 
kcal Radiology, meeting every second year in the 
different countries belonging to the Association. 
Socr—eDAD EspPAROLA DE Rapio.ocfa v ErEcrzoLoofa 
MífnicAs y MEDICINA NUCLEAR 


Secretary, Dr. D. Aureo Gutierrez Churruca, Esparteros, 
No. 9, Madrid, Spain. Meets monthly in Madrid. 
SCHWEIZERISCHE GESELLSCHAFT FÜR RADIOLOGIE UND 


NUKLEARMEDIZIN (SocıÉrÉé SurssEe DE RADIOLOGIE ET 
DE MÉDECINE NucLÉAIRE) 

Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland, 


ASIA 


IN RADIOLOGICAL ÁSSOCIATION 
; Dr. R. F. Sethna, Navsari Building, Hornby 
bay 1, India. 
eee RADIOLOGICAL SOCIETY 
Secretary, Professor pid Rasad, Taman Tits Mutiah 


I, i esia. 


ABSTRACTS OF RADIOLOGICAL 
LITERATURE 


INDEX TO ABSTRACTS 


ROENTGEN DIAGNOSIS 


HzgAD 


VIGNAUD, J. ef al.: New research in radio-otol- 
ogy. I. Radiography of the stapes. II. Tom- 
ographic aspect of the oval window in 
OLOSPONBIOSIS Ci i Heres EUR eek awe 

KunLANDER, G. J., Lavy, N. W., and Camp- 
BELL, J. A.: Roentgen differentiation of the 
oculodentodigital syndrome and the Haller- 
mann-Streiff syndrome in infancy........ 

Park, W. M., and Mason, D. K.: Hydrostatic 
sialography INDOOR ITEMS 

Rosen, L., Hanaree, W., and NAHUM, A.: 
Nasopharyngeal angiofibroma, and angio- 
graphic evaluation... sc... oeste ees 


Neck AND CHEST 


Gorr, A. M., and GaENsLER, E. A.: Primary 
(idiopathic) pulmonary hypertension. ..... 
NzrsoN; W. P., Harz, R. J., and Garcia, E.: 
Varicosities of the pulmonary veins simulat- 
ing arteriovenous fistulas................. 
Evier, W. R., and Cuarx, M. D.: Dissecting 
aneurysms of the aorta: roentgen manifesta- 
tions including a comparison with other 
types of aneurysmS................00005. 
TausMan, J. O., Goopman, D. J., and STEINER, 
R. E.: The value of contrast studies in the 
investigation of aortic valve disease. ...... 


ABDOMEN 


VALBERG, L. S, McCorrisron, J. R., and 
Partincron, M. W.: Bezoar: an unusual 
cause of protein-losing gastroenteropathy. . 

Moxstmi, S., and Fontana, G.: On the value 
of the radiologic study of the afferent loop 
with mechanical block of the efferent loop. 

Dixon, J. A., and Nicnors, R. L.: Roentgen 
diagnosis of strangulation and obstruction of 
thé intestine 8 kw at aoc eet ibe wh X s 

ScuARER, L. L., and Burwenne, H. J.: Mega- 
colon, a nonspecific sign: clinical classifica- 
tion and roentgenologic differentiation. .... 


BLOOD AND LYMPH SYSTEM 


SaLzer, M., and ZAUNBAUER, W.: Angiog- 
raphy of extremity tumors............... 
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Tanti, E.: Diagnostic significance of pelvic 
arteriography in tubal pregnancy.......... 


GENERAL 
Brarz, H. et al.: The radiation control pro- 


RADIATION THERAPY 


Bryce, D. P.: Preoperative irradiation in the 
treatment of carcinoma of the hypopharynx. 
Manican, J. P., and Hanson, T. A, S.: 
Nodular sclerosing Hodgkin’s disease....... 
De Grv G.: Anatomic and functional modi- 
fications of the intestine occurring during 
radiotherapeutic treatment............... 
Snyper, R. E.: Mammography and lobular 
CAPCInOIDA 9 Sat psv Eie to ue ire 


RADIOISOTOPES 


Burr, J.: Localization of cerebral lesions by 
radioactive isotopes..............--00005. 
Gorpon, D.: The limitations and uses of ultra- 
sound in localizing cerebral lesions......... 
MarLARD, J. R.: Fundamental aspects of 
radioisotope scanning.................04. 
Lopez-Mayano, V. et al.: Radioisotope scan- 
ning of the lungs in pulmonary tuberculosis. 
Herrera, N. E. e? al.: ™Se methionine as a 
diagnostic agent in malignant lymphoma. . . 
Locan, J. W.: Thyroid uptake tests in patients 
with malignant lymphomas.............. 
Simpson, W. J., and Orance, R. P.: Total 
body scanning with strontium-85 in the 
diagnosis of metastatic bone disease. ....... 
Mairroux, L. U., and Srreero, J. M.: The 
effect of prior vitamin B-12 administration 
on the Schilling test.................005. 
Horwitz, N. H., Lorsrrom, J. E., and 
Fonsarrg, A. L.: The spintharicon: a new 
approach to radiation imaging............ 


CHEMOTHERAPY 


Opman, P.: A method for percutaneous, selec- 
tive intraarterial infusion of cytostatics..... 
SILBERMAN, H. R, McGinn, T. G., and 
Kremer, W. B.: Control of fever in Hodg- 
kin’s disease by indomethacin............. 
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ROENTGEN DIAGNOSIS 
HEAD 


VicNAuD, J., Danic, J., LICRTENBERG, R., and 
Supaka, J. Nouvelles recherches en radio- 
otologie. I. Radiographie de l'étrier. II. As- 
pect tomographique de la fenêtre ovale dans 
lotospongiose. (New research in radio-otol- 
ogy. I. Radiography of the stapes. II. Tomo- 
graphic aspect of the oval window in otospon- 
giosis.) Y. de radiol., d'électrol. et de méd. 
nucléaire, March-April, 7965, 46, 129—134. 
(From: Service de Radiologie et Service 
d'O.-R.-L. de la Fondation a.-de-Rothschild, 


29, rue Manin, Paris, 19e, France.) 


Following the International Symposium held in 
Bordeaux in April 1963 on the radiology in ORL, a 
program was devised under Professor Fishgold for 
radiologic investigation of the stapes. 

In the present article, the authors present their 
first results. Tomography with the polytome, using 
the hypocycloidal movement and sections at each 
millimeter, proves to be the best way to demonstrate 
the stapes and to study the oval window (focus o.6 
mm., absence of grid, strong collimation). The most 
suitable incidence is Guillen’s transorbital position 
(20° angle with the sagittal plane). In this position, 
the inner wall of the tympanic cavity, the oval fossa 
and the oval window are visualized perpendicular to 
the film. The stapes forms a “V” shape with the 
descending portion of the incus. 

The authors were able to demonstrate the stapes 
in 69 per cent of cases in 56 consecutive examina- 
tions. When the 4 mm. cuts become available, it is 
probable that it will be seen regularly. 

Such precision radiography permits the study of 
the oval fossa, the second portion of the fallopian 
canal, and the recognition of the changes caused by 
otospongiosis, as well as the degree of sclerosis of the 
margins of the fenestra, the narrowing of the 
window, and the thickening of the foot-plate. The 
evolutive stage of the lesions can be recognized and 
difficulties of the surgical approach to the fenestra 
ovalis can be predicted.—H. P. Lévesque, M.D. 


KuRLANDER, GERALD J., Lavy, Norman W., 
and CAMPBELL, Jonn A. Roentgen differen- 
tiation of the oculodentodigital syndrome 
and the Hallermann-Streiff syndrome in in- 
fancy. Radiology, Jan., 1966, 86, 77-85. 
(From: Departments of Radiology and Med- 
icine [Medical Genetics Program], Indiana 
University School of Medicine, Indianapolis, 
Ind.) 


There are more than 100 rare head and neck syn- 
dromes which have been recently catalogued. Be- 
cause of the similarity in facial appearance of some 
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patients with different syndromes, confusion has 
developed which has tended to retard progress in 
correctly categorizing several disease entities. This 
communication is designed to emphasize the role 
of roentgen analysis as a complement to the clinical 
diagnosis of these rare syndromes, features of which, 
particularly in infancy, may appear to be limited 
largely to the head. Two cases, one of oculodento- 
digital syndrome, the other of Hallermann-Streiff 
syndrome, are reported with emphasis on the dif- 
ferential roentgen features in infancy. They are 
presented in detail and well illustrated. 

At least g cases of oculodentodigital syndrome 
have been reported in the literature. These patients 
have thin noses with hypoplasia of the alae nasi and 
anteversion of the nostrils. Additional features in- 
clude hypotrichosis with dull, dry hair, cutaneous 
syndactyly, and camptodactyly of the fourth and 
fifth fingers, with anomalies of the middle phalanges 
of the fingers and toes. Dental anomalies, particu- 
larly hypoplasia of enamel with exposed dentin, are 
frequently seen. Mental retardation and dwarfism 
are not typical features. The roentgenographic find- 
ings of the skull include small orbits, often with 
hypotelorism, and an enlarged mandible. The other 
bones show generalized disturbance in modeling. 
There is often cutaneous syndactyly of the fourth 
and fifth fingers, but almost constant is hypoplasia 
of the middle phalanges. The feet may show that the 
middle phalanges of several toes are absent. 

The Hallermann-Streiff syndrome has been de- 
scribed as one of the continuum of diseases which 
includes craniofacial dysostosis, mandibulofacial 
dysostosis and cleidocranial dysostosis. The face may 
be small with a long, tapering, beak-like nose and 
an acute nasofrontal angle. The lower jaw is receding. 
Hypotrichosis of the scalp, atrophy of the skin of 
the nose, microphthalmia and bilateral congenital 
cataracts are encountered in almost all patients. The 
cataracts are unique in that they may rupture spon- 
taneously and resorb. Additional features that may 
be present include blue sclerae, dental anomalies and 
dwarfism. The most distinctive roentgen features are 
of the mandible. There is hypoplasia of the rami, 
anterior displacement of the temporomandibular 
joints, and the condyles may be absent. The skull 
configuration is that of brachycephaly but there 1s 
delayed closure of the frontanelles and wide sutures. 
There is frontal and parietal bossing, the bones of 
the vault are thin, and the face and orbits are small. 
The long bones have a gracile appearance. 

It can be seen that the oculodentodigital syndrome 
is closely related to the Hallermann-Streiff syndrome 
only at first glance, for critical evaluation of the 
clinical features and the comparison of the roent- 
genographic appearances expose striking differences 
in these two conditions. The oculodentodigital syn- 
drome is differentiated from craniometaphyseal dys- 
plasia and infantile cortical hyperostosis; Haller- 
mann-Streiff syndrome from progeria. 
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The etiology of oculodentodigital syndrome and 
Hallermann-Streiff syndrome is unknown but evi- 
dence points to an autosomal recessive inheritance 
for the former and a dominant gene mutation for the 
latter. Chromosomal abnormalities have been effec- 
tively ruled out in both conditions, but teratogens 
and other environmental factors may play a role.— 
Paul M. Kroening, M.D. 


Park, Wittram M., and Mason, Davip K. 
Hydrostatic sialography. Radiology, Jan., 
1966, 86, 116-122. (From: Department of 
Radiodiagnosis, Western Infirmary, Glasgow, 
Scotland.) 


Sialography is a procedure in which various dis- 
eases of the salivary glands can be diagnosed by 
demonstrating gross anatomic changes in their struc- 
ture. The authors present in this paper a safe and 
quick method of sialography employing a hydro- 
gtatic technique which is suitable for routine use. A 
preliminary report is also given concerning an analy- 
sis of the results of studies on 108 adult patients. 

The equipment used by the authors is outlined 
and their method of doing the procedure is described 
in detail. Complete filling of all ducts including the 
fine terminal branches is usually accomplished with 
the water-soluble contrast agent used. Overfilling is 
less likely with this hydrostatic method and patients 
tend to have less pain than when the hand injection 
technique is used. Roentgenograms are obtained in 
anteroposterior, lateral and lateral oblique views as 
soon as the passive filling phase is completed and 
again $ minutes later, after the catheter has been re- 
moved from the duct. Normal glands actively expell 
most of the contrast material and are completely 
empty within half a minute. If contrast material 1s 
retained within the gland after 5 minutes the gland 
is abnormal. 

The gland patterns in the presence of Sjogren's 
disease and in other obstructive conditions are il- 
lustrated. 

The authors feel that this procedure, which is 
suitable for the routine examination of large num- 
bers of patients, is simple to perform and free of 
complications.—Donald N. Dysart, M.D. 


Rosen, Lawrence, HaNaAFEE, WILLIAM, and 
NAHUM, Awan. Nasopharyngeal angio- 
fibroma, and angiographic evaluation. 
Radiology, Jan., 1966, 86, 103-107. (From: 
Department of Radiology, University of 
California Center for Health Sciences, Los 
Angeles, Calif.) 

Two cases of nasopharyngeal angiofibroma are re- 
ported, and the value of angiography in the study of 
this condition is discussed by the authors. They 
point out that this uncommon tumor of adolescence, 
composed of vascular and fibrous elements, usually 
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presents clinically with nasal obstruction and/or 
massive nosebleeds. 

These tumors are prone to massive hemorrhage 
and angiograms may show a homogeneous vascular 
capillary blush which helps to support the clinical 
diagnosis without the dangers of biopsy. In addition, 
the blood supply to these lesions may be studied by 
bilateral external and internal carotid arteriography, 
for better control of bleeding during subsequent 
cryosurgery. The principal arteries supplying these 
neoplasms are usually the internal maxillary and 
ascending pharyngeal branches of the external caro- 
tid artery, and the sphenoid branches of the internal 
carotid artery. Bilateral ligation of the external carot- 
id arteries prior to cryosurgery is necessary at times 
to reduce the operative blood loss.— ames A. 
Cunyus, M.D. 


NECK AND CHEST 


Gorr, ANNE M., and GAENSLER, E. A. Primary 
(idiopathic) pulmonary hypertension. Med. 
thorac., 1965, 22, 530—545. (Address: Boston 
University Medical Research Building, 15 
Stoughton Street, Boston, Mass.) 


The authors report the case of a patient with pri- 
mary pulmonary hypertension in whom the diagnosis 
was established by open lung biopsy. The patient 
had a 2 year history of progressive dyspnea, and re- 
peated cardiac catheterizations during this period 
revealed increased pulmonary artery pressure and 
normal wedge pressure. Extensive pulmonary func- 
tion studies demonstrated external and alveolar 
hyperventilation, and excessive physiologic dead- 
space. Pulmonary angiograms revealed dilatation of 
the main pulmonary arteries with the characteristic 
“pruned tree” arborization pattern. 

They list as criteria for the diagnosis of primary 
pulmonary hypertension: (1) demonstration of right 
ventricular hypertrophy without additional cardiac 
abnormality; (2) increased pulmonary artery pres- 
sure and normal wedge pressure; and (3) absence of 
thrombotic lesions in the pulmonary vessels at 
necropsy. The latter criterion can be met by lung 
biopsy.— Edmund A. Franken, M.D. 


NELSON, WiLLtAM P., HALL, Rosperr J., and 
Garcia Errarn. Varicosities of the pulmo- 
nary veins simulating arteriovenous fistulas. 
3.-4.M.A., Jan. 3, 1966, 795, 13-17. (Address: 
Major Nelson, MC, USA, Walter Reed 
General Hospital, Washington, D.C.) 


Varicosities of the pulmonary veins are abnormally 
prominent and tortuous, normally draining pulmo- 
nary veins. They may be congenital in origin since 
they can occur in healthy young persons. They may 
involve any of the major pulmonary veins. Although 
there have been cases associated with other cardio- 
vascular abnormalities the varicosities may be an 
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isolated finding unrelated to pulmonary venous 
pressure. The abnormality is not thought to produce 
symptoms, nor is it accompanied by findings as- 
sociated with arteriovenous shunting such as cyano- 
sis, clubbing or bruit. 

Roentgenographically, a density identified on the 
plain chest roentgenogram may have the appearance 
of a vascular shadow which tomography confirms. 
Fluoroscopy shows inherent pulsation with shrinkage 
on Valsalva's maneuver and expansion on Miller’s 
maneuver, Pulmonary artenography is of diagnostic 
value. There is filling of the large tortuous normally 
draining pulmonary vein during the normal venous 
phase of angiography. The pulmonary arteries are 
normal. 

The natural history and hence the therapeutic 
approaches of this condition are as yet uncertain. 
Some varicosities may enlarge to the point of rupture 
with consequent serious or fatal pulmonary hemor- 
rhage. 

Four cases in young healthy asymptomatic men 
are reported.—. Mishkin, M.D. 


EvLER, WiLLIAM R., and Crank, Max D. Dis- 
secting aneurysms of the aorta: roentgen 
manifestations including a comparison with 
other types of aneurysms. Radiology, Dec., 
1965, 05, 1047-1057. (From: Department of 
Radiology, Henry Ford Hospital, Detroit, 
Mich.) 


The development of a dissecting aneurysm of the 
aorta is an immediate threat to life, and successful 
treatment depends on early and accurate diagnosis. 
This is accomplished primarily by plain roentgenog- 
raphy and laminagraphy, following which contrast 
studies will demonstrate the extent of involvement 
as well as the physiclogic alterations within the dis- 
eased and normal segments. To clarify the diagnostic 
and differential roentgenographic features of dissect- 
ing aneurysms of the aorta, the authors have com- 
pared the findings in 46 cases of dissecting aneurysms 
with 34 cases of arteriosclerotic, luetic and traumatic 
thoracic aneurysms. 

The important roentgenographic features on plain 
chest roentgenograms and laminagrams include: (1) 
a change in the configuration of the aorta on succes- 
sive chest roentgenograms, (2) aortic wall thickening 
shown by displacement of intimal calcification, (3) a 
localized hump on the aortic arch, (4) disparity in 
size of the descending and ascending aorta, and (4) 
mediastinal, lung and pleural changes. 

Plain roentgenographic and laminagraphic studies 
of the chest allow good visualization of the aortic 
contour but, to be significant, any progressive en- 
largement of the aorta should be more rapid than ex- 
pected as a result of aging. The displacement of inti- 
mal calcification away from the wall of the aorta, at 
least 6 mm. or more, is presumptive of a dissecting 
aneurysm provided that the calcification and soft 
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tissue contour are at the samelevel in the body. From 
this standpoint lateral laminagrams are often help- 
ful. A lack of calcification in the wall of an aneurysm 
also is suggestive of dissection since some calcifica- 
tion was present in the wall of all the other types of 
aneurysms here reviewed. A localized hump on the 
distal aortic arch was present in 22 of 39 cases of 
thoracic dissecting aneurysms. There was no calcifica- 
tion in the aneurysm wall in this group, which is in 
contrast to the well localized calcification in the 3 
traumatic aneurysms confined to this portion of the 
arch. Mediastinal, lung and pleural changes are less 
common but include mediastinal hematoma, pleural 
fluid, compression or bleeding into a bronchus and 
widening of the paravertebral line. 

The roentgenographic changes on contrast studies 
were documented in 27 of the 46 cases of dissecting 
aneurysm and include: (1) splitting of the contrast 
column, (2) distortion of the contrast column, (3) 
altered flow patterns including the failure of major 
vessels to fill and flow reversal or stasis, and (4) aor- 
tic valvular insufficiency. 

A splitting of the contrast column, demonstrating 
separate channels with a wall between them, is typi- 
cal and diagnostic. The false channel most commonly 
lies anterior and to the right in the ascending aorta, 
posterior and superior at the distal aortic arch and 
posterior and lateral to the true channel in the lower 
thoracic region. One of the columns of contrast ma- 
terial often shows a marked narrowing in caliber 
which can be an abrupt narrowing or a more general- 
ized irregularity, while a defect in the intima may 
present as an ulcer-like projection. Nonfilling of a 
vital channel, especially with no symptoms of oc- 
clusion of that vessel, also is highly suggestive of 
dissecting aneurysm and reversal of flow in an opaci- 
fied channel carries a similar implication as does renal 
calyceal filling without the demonstration of arterial 
flow to the kidney. Aortic valvular insufficiency may 
be the result of aortic dilatation only, but with an 
abrupt onset of insufficiency and disproportionate 
enlargement of the ascending aorta, a dissecting 
aneurysm must be suspected even without support- 
ing clinical evidence.—EZward B. Best, M.D. 


TAUBMAN, J.O., Goopmayn, D. J., and STEINER, 
R. E. The value of contrast studies in the in- 
vestigation of aortic valve disease. Clin. 
Radiol., Jan., 1966, 77, 23-31. (From: De- 
partment of Radiodiagnosis, Hammersmith 
Hospital and Postgraduate Medical School 
of London, London, W. 12, England.) 


The authors studied 60 patients with aortic valve 
disease, employing thoracic aortography and left 
ventricular angiocardiography. The findings were 
compared with those of the clinical assessment. 

When clinical studies are supplemented with gra- 
dient measurements across the aortic valve, contrast 
studies are rarely necessary in making the diagnosis 
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of aortic stenosis. The severity of stenosis is not 
reliably determined by contrast studies. 

On the other hand, clinical studies may leave one 
in doubt as to the presence or absence of aortic in- 
competence, and here contrast studies will consis- 
tently clear the uncertainty, and will also give in- 
formation as to the degree of incompetence. 

Itis essential for the surgeon to know the extent of 
aortic and mitral incompetence in case he contem- 
plates surgery to the aortic valve, using cardio- 
pulmonary by-pass. Operation on older patients with 
rigid, distorted and calcified valves usually will 
mean valve replacement. 

While contrast studies are not always essential, 
they most often furnish useful information: (a) in 
younger patients; (b) when interpretation of clinical 
signs is uncertain; (c) when the level of obstruction 
is not definitely known; (d) where an associated 
lesion 1s suspected; and (e) in those patients in whom 
demonstration of the coronary circulation is needed. 
— Samuel G. Henaerson, M.D. 


” 


ABDOMEN 


VALBERG, LESLIE S., McCorriston, James R., 
and Partineton, MicnaEgL W. Bezoar: an un- 
usual cause of protein-losing gastroenterop- 
athv. Canad. M. A. F., Feb. 19, 1966, 94, 388— 
391. (From: Departments of Medicine, 
Surgery and Pediatrics, Queen's University, 
and the Special Investigation Unit, Kingston 
General Hospital, Kingston, Ontario, 
Canada.) 


The authors report 2 cases of mentally retarded 
individuals, with a long history of ingestion of 
bedding, mattress stuffing, clothing, etc. 

In addition to the abdominal mass noted in both 
patients, they were found to have severe generalized 
edema, and laboratory investigations revealed 
marked hypoalbuminemia. I*labelled human serum 
albumin study disclosed marked protein loss into the 
gastrointestinal tract apparently due to the bezoars. 
These were demonstrated roentgenographically. 

Following removal of the bezoar, the protein loss 
was corrected.—George L. Sackett, Fr., M.D. 


Morerri, S., and Fonrana, G. Sullutilità 
dello studio radiologico dell’ansa afferente 
con blocco meccanico dell'ansa efferente. 
(On the value of the radiologic study of the 
afferent loop with mechanical block of the 
efferent loop.) Radiol. med., Nov., 1965, 51, 
1179-1189. (Address: Dott. Saverio Moretti, 
Via Cervese, 364— Cesena [Forli], Italy.) 


Thirty-one patients with gastrectomy of the 
Billroth II type with antecolic end-to-side right to 
left gastro-jejunostomy were studied roentgenologi- 
cally with a new procedure which permits a demon- 
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stration of the afferent loop. The surgical interven- 
tions were performed from 8 months to 23 years pre- 
viously. 

In this type of gastrectomy the afferent loop is a 
long blind loop excluded from the alimentary canal 
and is very seldom satisfactorily opacified in its 
entirety by the barium sulfate. 

In order to overcome this difficulty the authors 
have adopted in 30 patients, and apparently with 
success, the following procedure: A two-way tube of 


-the Miller-Abbott type is introduced into the stom- 


ach and under fluoroscopic observation is passed 
into the efferent loop for a length of about 8 cm. The 
balloon is inflated and a complete blockage of the 
efferent loop is obtained. About 15 cc. of a 2 per cent 
procaine solution 1s then injected through the other 
opening of the tube in order to eliminate any possible 
appearance of a spasm in the area of anastomosis be- 
tween the stomach and the afferent loop. A certain 
amount of micropaque which varies in accordance 
with the size of the gastric remnant and the degree of 
opacification of the afferent loop, is finally injected 
through the tube. 

In a few cases an intravenous cholangiography 
was performed during the procedure to evaluate 
possible changes in the descending segment of the 
duodenum, in the common bile duct and/or in the 
papilla of Vater. 

In the opinion of the authors the procedure per- 
mits a satisfactory study of the afferent loop and the 
demonstration of early or late sequelae following the 
surgical intervention and involving either the gas- 
tric remnant and/or the afferent loop.—/. F. 
Govont, M.D. 


Dixon, Jons A., and Nicgors, RUSSELL L. 
Roentgen diagnosis of strangulation and 
obstruction of the intestine. Surg., Gynec. & 
Obst., Jan., 1966, 722, 50-54. (From: De- 
partment of Surgery, University of Utah, 
College of Medicine and Department of 
Radiology and Surgery, Dee Memorial 
Hospital, Ogden, Utah.) 


This is a further study in the roentgen diagnosis 
of strangulation and obstruction of the intestine, 
utilizing dogs as the test animal, with emphasis on 
the effect of the length of the strangulated loop on 
changes in intestinal mobility and the effect of pre- 
operative oral antibiotics on changes in barium trans- 
port time following strangulation. 

A 2 stage surgical procedure was devised, and is 
described, to avoid pneumoperitoneum. The animals 
were placed in the following groups: no occlusion; 
closed loop obstruction; a short and a moderately 
long strangulated closed loop obstruction with pre- 
operative antibiotics prior to strangulation; and a 
moderately long strangulated loop without obstruc- 
tion. 
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Roentgenograms were taken every 2 hours and 
barium suspension was given at varying times follow- 
ing the surgical occlusion; 1ts progress was followed 
every 30 minutes with cinefluorography. Postmortem 
correlation was made. 

The findings were as follows: 


I. Closed strangulated loops rarely visualized on 
plain roentgenograms. 

2. Oral barium passed quickly to the site of the 
obstruction in the absence of vascular occlusion. 

3. Barium was largely retained in the stomach of 
animals with moderately long loops of intestine 
with vascular occlusion of 10 hours' duration. 

4. Barium was transported freely for 20-30 hours 
after strangulation obstruction of very short 
loops. 

5. Prior oral broad spectrum antibiotics greatly 
prolonged the period of active barium transport 
following strangulation, suggesting tissue necro- 
sis and bacterial action as necessary for produc- 
tion of changes in intestinal mobility.—Gary 

M. Tolley, M.D. 


ScHARER, L. L., and Buruenne, H. J. Mega- 

^ colon, a nonspecific sign: clinical classifica- 
tion and  roentgenologic differentiation. 
Radiol. clin. et biol, 1965, 34, 236-246. 
(Address: Lawrence L. Scharer, M.D., 
Editorial Office, Department of Medicine, 
University of California Medical Center, 
San Francisco, Calif.) 


Megacolon is a descriptive term only and it refers to 
an abnormally dilated large bowel. There are a great 
number of specific conditions that may lead to 
megacolon. 

The authors present a systemic classification of 
megacolon with 10 categories according to etiology. 
These include: (1) Obstructive ileus; (2) paralytic 
ileus; (3) faulty bowel habits-psychogenic; (4) endo- 
crine abnormalities such as cretinism; (5) abnormali- 
ties of the central nervous system such as Parkinson’s 
disease; (6) abnormalities of peripheral nervous sys- 
tem such as Hirschsprung’s disease and reduced 
ganglia in Chagas’ disease; (7) inflammation, as in 
fulminating ulcerative colitis; (8) drug administra- 
tion, including ganglionic blocking agents and anti- 
cholinergic drugs; (9) miscellaneous causes such as 
steatorrhea; and (10) idiopathic megacolon with no 
definite causative factor. 

The roentgenographic diagnosis is discussed and 
certain precautions concerning barium enemas are 
noted. Saline solution rather than water should be 
used to avoid water intoxication in some of these 
patients. The toxic megacolon of ulcerative colitis 
tends to perforate easily and these patients should 
not be examined by bartum enema.—Richard E. 
Kinzer, M.D. 
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Bioop AND LYMPH SYSTEM 


SALZER, M., and ZauNBAUER, W. Über Angio- 
graphie bei Extremitätentumoren. (Angiog- 
raphy of extremity tumors.) Wien. klin. 
Wehnschr., Nov., 1965, 77, 930-932. (Ad- 
dress: Dr. M. Salzer, Orthopädische Uni- 
versitáts-klinik, Alser Strasse 4, Wien IX, 
Austria.) 


The diagnosis of extremity tumors can prove to be 
difficult. Its accuracy, however, is decisive in de- 
termining the necessity of an amputation, Conven- 
tional roentgenography frequently 1s inadequate to 
rule out a malignant neoplasm of soft tissues or to 
differentiate between a neoplasm and an inflamma- 
tory process. Theoretically, a biopsy is sufficient to 
arrive at an adequate diagnosis. Its shortcomings, 
however, are possible spreading of tumor cells and 
the obtaining of misleading necrotic or other non- 
specific tissues. 

Angiography overcomes the disadvantages of 
other methods. Its technique with the Seldinger 
catheter or needle puncture is simple and free from 
hazards. Angiograms must beobtained in the arterial, 
capillary, and venous phase. Tumors are grouped into 
vascular and avascular types, either benign or 
malignant. Most benign tumors are avascular with 
the exception of hemangiomas, the rare glomus tu- 
mors, and benign osteoblastomas. Hemangiomas 
display varicose vessels and a rapidly appearing ven- 
ous phase with an irregular staining of tissues. 
Semimalignant giant-cell tumors give rise to a diffuse 
groundglass staining already during the arterial 
phase. 

Malignant tumors usually are highly vascular. 
Vessels are irregular, either stretched or tortuous, 
giving rise to lake formations and massive irregular 
tumor stain. Presence of arteriovenous fistulas causes 
an early venous phase. Afferent arteries are dilated. 
Avascular malignant tumors are uncommon and 
present diagnostic difficulties. Pathologic vessels are 
mostly in the periphery, and tumor staining is barely 
perceptible. 

The advantages of angiography are as follows: (1) 
to determine the size and extent of the tumor, (2) to 
demonstrate a soft tissue tumor not otherwise seen, 
(3) only method to determine a malignant tumor 
with great probability, (4) to demonstrate the suc- 
cess of therapy, and (5) to rule out inflammatory 
processes and granulation tissues. 

The following limitations are cited: (1) certain 
forms of chronic inflammation cannot be differenti- 
ated from tumors, (2) determination of smaller 
intraosseous lesions is limited because of the small 
size of nutrient vessels, (3) no specific diagnosis of 
soft tissue tumors is possible, (4) primary and meta- 
static tumors cannot be differentiated, and (5) 
avascular malignant tumors cannot be excluded with 
certainty. In view of these limitations, a biopsy is 
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not superfluous but remains important prior to 
radical surgical procedures.—Ernest Kraft, M.D. 


Taur, Esko. Diagnostische Bedeutung der 
Beckenarteriographie bei Tubenschwanger- 
schaft. (Diagnostic significance of pelvic 
arteriography in tubal pregnancy.) Röntgen 
Blatter, Nov., 1965, 78, 534-536. (Address: 
Ró.-Abtlg. des Hebammeninstituts, Hel- 
sinki/ Finland.) 


The diagnosis of early tubal pregnancy is impor- 
tant in order to prevent serious complications. Un- 
fortunately, however, a clinical recognition is very 
difficult if not impossible. Pelvic arteriography, on 
the other hand, is helpful as it demonstrates contrast 
staining of the placenta. It only fails when the 
placenta is detached and separated. 

The Seldinger technique is applied with the cathe- 
ter extending from the femoral artery upward to the 
bifurcation of the abdominal aorta. Twenty ml. of 
60 per cent renografin 1s rapidly injected, while both 
femoral arteries are temporarily compressed to pre- 
vent an escape into the lower extremities and to 
secure a higher concentration in the placenta. 

Fifty-five consecutive cases were examined by this 
method. In 34, the angiographic findings were nega- 
tive for tubal implantation. Two patients actually 
were pregnant, but the ovum was imbedded in the 
distal part of the tube and had already separated at 
an early stage. In the remaining 21 cases, a tubal 
pregnancy was concluded. The diagnosis, however, 
was only confirmed in 17; in 3 it was false positive 
and in the remaining case the placenta was imbedded 
in a lateral horn of a uterus bicornis. 

In spite of an occasional error of diagnosis, the 
method is valuable in recognizing tubal pregnancy at 
an early stage.— Ernest Kraft, M.D. 


GENERAL 


Brarz, Hanson, HeLLerR, M. B., KAMHOLZ, 
S. M., Lynen, D. E., Pav, I. R., Rercu, 
B. S., and Smotens, M. The radiation con- 
trol program. Pub. Health Rep., Jan., 1966, 
81, 57-63. (Address: Mr. Blatz, Director, 
New York City Office, Radiation Control, 
New York, N. Y.) 


The legal authority for the radiation control pro- 
gram of the New York City Department of Health is 
a health code. Since 1958 it has required registration 
of radiation installations and compliance with re- 
quirements of the National Committee on Radiation 
Protection and Measurements. Since 1962 the code 
and the agreement between New York State and 
the Atomic Energy Commission have provided for 
the regulation of radioisotopes. 

- The program is administered by the office of radia- 
tion control of the New York City Department of 
Health, which inspects the equipment and safety 
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practices of non-industrial users of radioisotopes and 
about 17,000 x-ray machines in the city, processes 
licenses for the use of radioisotopes, responds to calls 
for help in radiation accidents, develops instruments 
and techniques, air-monitors the environment, and 
with a Public Health Service grant provides the 
instruction courses for many radiation-control em- 
ployees in addition to those restricted to New York 
City. 

The Mayor's Technical Advisory Committee on 
Radiation provides expert advice, and is composed of 
distinguished scientists in radiation and atomic 
energy, and practicing medical and dental radiolo- 
gists. A Subcommittee reviews license applications 
for human uses of radioisotopes. The Mayor’s Com- 
mittee, the office of radiation control, and the Inter- 
agency Council on Radiation were organized in 1958 
and 1959. The Council consists of the heads of 
appropriate city agencies who coordinate such mat- 
ters as monitoring the radiologic levels of water and 
transporting radioactive materials.—C. Peter Truog, 
M.D. 


RADIATION THERAPY 


Bryce, Doucras P. Preoperative irradiation 
in the treatment of carcinoma of the hypo- 
pharynx. Canad. M. A. F., Nov. 27, 1965, 
93, 1147-1151. (Address: 320 Medical Arts 
Building, 170 St. George Street, Toronto 5, 
Ontario, Canada.) 


The results of treatment of 230 cases of carcinoma 
of the hypopharynx are presented. The International 
Classification, recently suggested by The American 
Joint Committee on Classification of Tumors and 
End Result Reporting, which is anatomic, has been 
used in this study. 

Sixty per cent of patients present with dysphagia. 
This 1s 3 times as common as 3 other principal com- 
plaints: lump in neck, sore throat, and hoarseness. 
Pain referred to the ear is another important charac- 
teristic. Two-thirds of patients have symptoms 3 
months before a diagnosis is made. This is unfortun- 
ate in view of the fact that 80 per cent of hypo- 
pharyngeal tumors can be detected by a simple 
mirror examination. Survival rates are almost dou- 
bled when the lesion is in an early stage. 

Of the hypopharyngeal tumors, 60 per cent occur 
in the pyriform sinus. Another 24 per cent are in the 
post-or retrocricoid area, and 16 per centoccur in the 
posterior lateral wall. 

Nearly two-thirds of these tumors have extended 
far beyond their primary site when first seen. Thirty 
per cent have movable cervical lymph nodes and 20 
per cent show fixed lymph nodes on first examina- 
tion. Five year figures show no survivals with fixed 
lymph nodes and 6 per cent with movable lymph 
nodes. However, 7o per cent of pyriform sinus pa- 
tients develop cervical metastasis at some course 
during their disease explaining, in part, the relatively 
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poor prognosis for these lesions under present treat- 
ment methods. Less than 3 per cent have distant 
metastasis on initial examination and another 10 per 
cent develop them during the course of their illness. 

Forty-four selected patients had surgery alone. 
The 5 year survival was 23 per cent. Another 149 
patients not considered suitable for surgery under- 
went radiotherapy alone, with the § year survival 
rate falling to 8 per cent. 

The prognosis for pyriform sinus cancer is poor. 
The over-all ; year survival rate is about 9 per cent, 
as opposed to 20 per cent for tumors in the other 2 
regions. 

Ideal therapy would eradicate the carcinoma with- 
out sacrificing normal structures. If the pharynx 
must be sacrificed in the treatment of hypopharyn- 
geal cancer the patient's rehabilitation is a long and 
difficult process. This is unlike cancer of the larynx, 
where rapid recovery may occur when the larynx is 
removed. 

Some pyriform sinus lesions can be surgically 
eradicated without removing the pharynx. Surgery of 
retrocricoid tumors almost always necessitates 
sacrifice of the pharynx. 

If neither irradiation nor surgery used separately 
can bring an improvement in survival rates, it would 
be a logical consideration to use them in combination. 
Elective preoperative irradiation decided upon on the 
first examination and carried out with resolution has 
been applied in 12 cases. A full cancerocidal dose of 
5,500 r, is followed in 6 weeks by complete surgical 
excision of the lesion and the affected structures 
about it. Recent work suggests that a much smaller 
radiation dose might be employed and surgery under- 
taken at an earlier date. Surgical excision is easier, if 
the tumor is still identifiable at operation.—Richard 
Pfister, M.D. 


Manican, J. P., and Hanson, T. A. S. Nodular 
sclerosing Hodgkin's disease. 7. Coll. Radiol. 
Australasia, Oct., 1965, 9, 257-262. (From: 
Peter MacCallum Clinic, Melbourne, Aus- 
tralia.) 


The authors relate their experience with a re- 
cently discovered pathologic variant of Hodgkin’s 
disease. The original work on the subject was done by 
Lukes in 1963. He coined the term “nodular sclero- 
sis" to discribe the entity. The present authors report 
on 37 such cases out of a total of 251 cases of Hodg- 
kin's disease, covering the period 1952 to 1962. The 
characteristic microscopic appearance is that of a 
lymph node almost totally replaced by interconnect- 
ing bands of sclerosing connective tissue, which sur- 
round small residual areas of lymphoid tissue. 

Nodular sclerosing Hodgkin’s disease was found to 
occur in a younger age group (median age 21 years) 
than granuloma, paragranuloma or sarcoma, the 
other members of the pathologic classification. It was 
the second most common microscopic variant found. 
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It appeared to have a higher incidence in females 
than the others. Although involvement of the medi- 
astinal lymph nodes was usually present at the time 
of the diagnosis, the progression of the disease to 
lymph nodes below the diaphragm was generally 
very slow. The median survival was 11 years and this 
compared favorably with that obtained in the para- 
granuloma group. 

The majority of the cases were treated with 250 
kv. or 4 mev. roentgen therapy delivered to the in- 
volved sites to a tumor dose of 1,500 to 3,500 rads in 
3 weeks, in 12 to 15 fractions. The initial resolution 
of the lymph node masses seemed slower than usual, 
and not infrequently small inactive lymph node en- 
largements remained. Local recurrence, often after 5 
years or more, occurred in cases given less than 3,000 
rads tumor dose. 

The authors believe that the different histologic 
pictures of the various forms of Hodgkin's disease are 
due to differences in host-defense mechanisms and 
immunologic patterns among various individuals. 
They suggest that this should be investigated more 
thoroughly.— Kenneth M. Nowicki, M.D. 


De Gruul, Giuro. Modificazioni anatomiche e 
funzionali dell’intestino in corso di trat- 
tamenti radioterapici. (Anatomic and func- 
tional modifications of the intestine occur- 
rng during radiotherapeutic treatment.) 
Min. radiol., fistot., radiobiol., June, 1965, ro, 
231-234. (From: Istituto di Radiologia 
dell'Università, Firenze, Italy.) 


The author discusses the anatomic and functional 
alterations of the intestine which he and his co- 
workers have observed during the past 6 years in 
connection with irradiation of the abdomen. 

The study is divided into 6 parts: (1) clinical 
symptomatology; (2) coprology; (3) roentgen exam- 
ination; (4) intestinal absorption and permeability; 
(5) dosage of pancreatic enzymes and bile acids; and 
(6) histology of the mucosa. 

The clinical picture is characterized by an initial 
phase during which nausea and vomiting are fre- 
quent, followed by a phase reaching its climax to- 
wards the 3rd-4th week, when diarrhea, pyrosis and 
anorexia are predominant. Depending on the size of 
the irradiated field, an increased transit time is often 
noted which may affect one or more intestinal seg- 
ments and may be associated with a slowing down of 
the emptying of the stomach. In such instances, 
dystonic changes may be demonstrated roentgeno- 
logically in the small intestine. 

The absorption of the substances investigated 
(1.e., oleic acid, triolein, glucose, xylose, iron, vitamin 
B.:), on the whole, appeared compromised, reaching 
a peak after a local dose of 2,500~3,000 r. With fur- 
ther increase of dose usually no further deterioration 
was seen; in fact, sometimes the absorption displayed 
a trend to return to the original value. In general, 
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with the exception of vitamin By, no relation has 
been demonstrated between the site of irradiation 
and the site of elective absorption of the various 
substances. 

The pancreatic enzymes may behave differently, 
showing, for example, an increase in diastase and a 
decrease in lipase. No alteration has been observed in 
the passive permeability of intestine investigated 
with It polyvinylpyrolidone. 

The histologic changes were similar to those experi- 
mentally found in animals: they have also been noted 
in the intestinal loops outside the primary beam. In 
these loops, the alterations appeared to be too pro- 
nounced for the small dose of stray radiation reach- 
ing them. Some enzymatic activities persisted in the 
enterocytes also when marked morphologic altera- 
tions were present. 

Thus, damage to the mucosa did not seem to be 
caused solely by the direct action of the radiation. 

The clinical behavior, the data of absorption and 
the histologic changes pointed to a critical phase 
towards the end of the third week (2,500-3,000 r); 
after that the alterations did not become more 
marked; on the contrary, they sometimes became 
less marked. 

The fact that the disturbance of absorption is 
usually found also when irradiation affects intestinal 
segments not subject to this absorption, may be due 
to the morphologic alterations which are observed in 
segments of the small intestine directly in the pri- 
mary beam. The increased transit time with the 
accelerated motility may vary the contact between 
the intestinal contents and the surface of the bowel 
mucosa and consequently the rate of absorption, 
resulting in the clinical picture of inconstant diges- 
tive symptoms coupled with malabsorption.— 7. Leu- 
cutia, M.D. 


SNYDER, Ruts E. Mammography and lobular 
carcinoma in situ. Surg., Gynec. & Obst., 
Feb., 1966, 722, 255-260. (From: Depart- 
ment of Diagnostic Radiology, Memorial 
Hospital, New York, N. Y.) 


Lobular mammary carcinoma in situ, as classified 
by Foote and Stewart, is the noninfiltrating lobular 
variety of breast cancer and is the type usually meant 
when carcinoma in situ is considered. The treatment 
at Memorial Hospital is a modified radical mastec- 
tomy. The author states that if it is managed in this 
way, patients are cured. If only local excision is 
carried out, residual disease often remains and in- 
filtrating carcinoma may develop although perhaps 
not for years. 

There are no regularly observed clinical manifesta- 
tions of lobular carcinoma in situ, nor need there be 
any abnormality whatsoever. Before the advent of 
mammography, the diagnosis of carcinoma in situ 
was unsuspected preoperatively and made only after 
local excision was carried out for supposedly benign 
conditions or after the disease was found, by chance, 


Abstracts of Radiological Literature 


Jone, 1966 


in other areas of a breast removed because of cancer. 

The author states that mammography was not 
used ag a routine preoperative procedure on all 
breasts and, hence, roentgenograms have not been 
made of all breasts proved to contain lobular car- 
cinoma in situ. She found 35 cases of carcinoma in 
situ in 35 breasts of 27 patients having mammo- 
graphic coverage during a 34 year period. It is this 
series that forms the basis of the present study. In 8 
instances, biopsy was performed solely on the basis 
of the mammographic report, and in 2 additional 
instances, the report indicated disease in an area in 
which the biopsy would otherwise not have been con- 
sidered. Ten or almost one-third of these lesions were 
detected by the roentgenologist. 

The age of the patients ranged from 40 to 60 years. 
In most of them fibrocystic changes or indefinite 
thickening was noted in one or both breasts which 
caused them to seek the opinion of the examining 
physician. Because of his own equivocal clinical find- 
ings, the physician, in turn, referred the patients for 
mammographic examination. 

Roentgenographically, in all of these breasts there 
was a great deal of glandular tissue of a dense, often 
linear character containing little fatty elements. This 
pattern is to be anticipated since lobular carcinoma 
does not occur after atrophy of the lobules. The 
upper Outer quadrant or the 12 o'clock axis of the 
breast was the site of the disease 1n practically all 
instances; in 3 the disease was widespread. Although 
fibrocystic changes were common, this neoplasm 
Often occurred at some distance from cysts or was 
found to be in localized areas of density in which 
markings were closely grouped. 

The finding considered highly indicative of car- 
cinoma was calcification in the form of minute punc- 
tate or linear flecks, 3 or more in number, and ar- 
ranged randomly in a group, sometimes fading in 
distinctness at the periphery. In 9 breasts, these faint 
densities were formed in a definite cluster, while in 9 
others a somewhat similar, though less characteristic 
arrangement was encountered. 

Differentiation from benign diseases may be diffi- 
cult, although the calcifications seen in benign 
entities usually seem denser and more rounded. 

The author concludes that although carcinoma in 
situ may cause no recognizable abnormality in the 
breast, mammograms were a definite aid to diagnosis 
in over half of the 35 breasts of 27 patients in this 
study. The most important finding on the roentgeno- 
gram was a localized abnormality associated with 
minute calcific densities grouped in an irregular man- 
ner. Close co-operation between the surgeon, radiolo- 
gist, and pathologist is necessary during all steps in 
the management of this disease.—C. Peter Truog, 
M.D. 


RADIOISOTOPES 


Burr, James. Localization of cerebral lesions 
by radioactive isotopes. Proc. Roy. Soc. Med., 
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Dec., 1965, 58, 1051-1053. (From: Institute 
of Neurology, National Hospital, London, 
England.) 


This article summarizes the author's experience 
using mercury 197 or mercury 203 chlormerodrin for 
brain scanning in more than 700 examinations. The 
author indicates that the use of mercury 203 should 
be very much restricted because of the significant 
radiation dosage to the kidneys of the patient. 

The 3 commonest types of brain tumors which 
nearly always are detected by scanning techniques 
include malignant astrocytoma, meningioma, and 
metastases. Factors which determine the detectabil- 
ity of these lesions relate to their size, vascularity 
and, in some instances, to location. Those lesions 
located at the base of the brain in the area of air 
sinuses, mastoid cells and muscle may be missed be- 
cause of the high background radioactivity. 

The author also mentions the use of uptake and 
clearance measurements of radioactive materials as a 
means for differentiating one type of brain tumor 
from another.— Merle K. Loken, Ph.D., M.D. 


Gorpon, Dovaras. The limitations and uses of 
ultrasound in localizing cerebral lesions. 
Proc. Roy. Soc. Med., Dec., 1965, 58, 1053- 
1058. (From: West End Hospital for Neurol- 
ogy and Neurosurgery, London, England.) 


The first part of this article deals with the develop- 
mental aspects in the use of ultrasound for localizing 
cerebral lesions. 

A summary is then given of the author's experience 
in 74 cases with sufficient follow-up for evaluation. 

An echogram was determined to be abnormal when 
there was an indication of more than a 3 mm. shift of 
midline structures of the brain. The results obtained 
showed good correlation with other data including 
demonstration of cranial pathology at the time of. 
surgery. This technique of echoencephalography 
referred to as a “A scan" which involves placement 
of the transducer on the lateral aspect of the head, 
just above the ear, does not permit data to be ob- 
tained relating to the location of any particular neo- 
plasm. 

Thus, consideration is being given to the “B scan" 
in which the transducer 1s moved in a predetermined 
pattern across the head. Data collected in this man- 
ner permit a two dimensional presentation to be 
made for localization of intracranial neoplasms.— 
Merle K. Loken, Ph.D., M.D. 


Ma tarp, J. R. Fundamental aspects of radio- 
isotope scanning. Proc. Roy. Soc. Med., Dec., 
1965, 58, 1058—1062. (From: Department of 
Physics, St. Thomas’s Hospital Medical 
School, London, England.) 


The author deals with technical considerations of 
detectors and display systems used in radioisotope 
scintiscanning. Reference is made to the use of a 
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brain phantom in order to better evaluate the limita- 
tions of this procedure. Problems of quantitation of 
data by display systems with particular relation to 
the photoscan are discussed, 

Some mention is made of the fact that radioactive 
materials with gamma energies in the range of 100 to 
200 kev. are the best for use with most detector and 
collimating systems available at present. However, 
further study is needed to obtain the "ideal localizing 
materials" which give the highest concentration ratio 
of radioactivity in the tumor as compared to the nor- 
mal brain. 

Mention is also made of the newer systems for 
scintiphotography including the scintillation camera, 
the autofluoroscope and the image intensifier display 
system. The author indicates that systems of this 
type may well provide better resolution in the visual- 
ization of body organs than is possible by scanning 
and also that these systems are useful in the per- 
formance of various dynamic function studies.— 


Merle K. Loken, Ph.D., M.D. 


Lopez-Majano, Vincent, WAGNER, HENRY 
N., Ja, Tow, DoNarp E., and CHERNICK, 
Vicror. Radioisotope scanning of the lungs 
in pulmonary tuberculosis. 7.//.M.44., Dec. 
6, 1965, 104, 1053-1058. (Address: Dr. 
Lopez-Majano, 3900 Loch Raven Boulevard, 
Baltimore, Md.) 


The authors report their experience with pulmon- 
ary scans following the intravenous administration 
of 300 uc macroaggregated iodinated I“ serum al- 
bumin in 67 patients hospitalized with pulmonary 
tuberculosis to evaluate the extent of obliterative 
endarteritis secondary to chronic tuberculosis. This 
method has made it possible to study a large group of 
patients with tuberculosis with ease and little dis- 
comfort. Of the 67 patients studied, 40 had advanced 
disease, 19 moderately advanced disease, and 8 
minimal tuberculosis. All had proven bacteriologic 
examination and were further classified as "active" 
or "inactive." Complicating lung disease was present 
in 31 patients. Ten patients underwent surgery and 3 
of these were scanned before and after surgery, while 
the remaining 7 were scanned only after surgery. 

The results of the examination were as follows: 


(1) No complications were reported from the in- 
jections. 

(2) All patients had decreased blood flow to the 
diseased area. 

(3) The degree and extent of decreased blood flow 
could not be predicted from the chest roent- 
genograms. 

(4) Associated pulmonary disease, other than tu- 
berculosis, produced further decreased blood 
flow. 

(s) Scans aided in preoperative evaluation of im- 
paired blood flow and as a guide to the extent 
of resection needed. 
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(6) Postoperative scans showed a greater decrease 
in blood flow than would have been expected 
by the amount of tissue resected. After several 
months blood flow improved. 

(7) Thoracotomy alone will produce a decreased 
blood flow to the operated side which lasts for 
several weeks.—Richard T. Browne, M.D. 


Herrera, N. E., GoNzaLEZz, R., SCHWARTZ, 
R. D., Dices, A. M., and Bersxy, J. Se 
methionine as a diagnostic agent in malig- 
nant lymphoma. F. Nuclear Med., Nov., 
1965, 6, 792-804. (Address: Dr. Herrera, 
Director of Laboratories, Danbury Hospital, 
Danbury, Conn.) 


There has been a good deal of activity recently in 
the field of radioisotope scanning of extracranial 
tumors with various ionic and molecular agents. 

The authors describe a method which has enabled 
them to label for scanning 7 out of 10 lymphomas 
situated in the abdomen or about the trunk. Two 
groups of neck lymph nodes were labeled as well. 

The tracer employed was Se™ |-methionine, ad- 
ministered in a dose of 250 uc per patient of average 
size. Scans were apparently performed 30 minutes 
and 24 hours after administration of the tracer. 

A number of scans are shown as evidence of the 
fact that some lymphomatous tumors can indeed be 
localized by this promising new method.— Frederick 
7. Bonte, M.D. 


Locan, J. W. Thyroid uptake tests in patients 
with malignant lymphomas. F. Coll. Radiol. 
Australasia, Oct., 1965, 9, 263-265. (From: 
Wellington Hospital, Wellington, New Zea- 
land.) 


Twenty-four hour radioactive iodine uptake 
studies were made on 68 patients with malignant 
lymphomas, and compared with similar studies on 
861 euthyroid patients. The initial study revealed a 
mean value of 24.83 per cent for the lymphoma 
group, and 33.9: 0.8 per cent for the euthyroid con- 
trols. This difference was found to be significant at 
the o.1 per cent level. Twenty-five patients, who 
received external radiation therapy to areas other 
than. the abdomen, showed a significant decrease in 
their thyroid uptake Jevels at 24 hours. Eleven other 
patients who received a course of abdominal radio- 
therapy showed a significant increase in their uptake 
levels, as did 3 patients treated with nitrogen mus- 
tard. 

Experimental work dealing with the theoretic rela- 
tüonship between thyroid function and lymphoma 
formatian is discussed. One point made by the author 
is that malignant lymphomas are less likely to de- 
velop in experimental animals who were made hypo- 
thyroid, or given exogenous TSH. Secondly, it is 
pointed out that Japan, which is a goiter free area, 
has a very low incidence of lymphomas, whereas 
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other areas with a higher incidence of goiter have a 
higher incidence of lymphomas. Finally, evidence is 
presented indicating that TSH is absorbed and 
inactivated by the thyroid gland, lymphatic tissue, 
the liver, and the spleen. 

The author believes that lymphoma tissue may 
have similar properties. External radiation therapy 
to the abdomen eliminates the TSH inactivating sub- 
stances in the liver, spleen, and retroperitoneal 
lymph nodes, and may explain the elevation of the up- 
take study after completion of the therapy.— 
Kenneth M. Nowicki, M.D. 


Stimpson, W. J., and Orance, R. P. Total 
body scanning with strontium-85 in the 
diagnosis of metastatic bone disease. Canad. 
M. A. F., Dec. 11, 1965, 93, 1237-1242. 
(From: Department of Radiology, The 
Princess Margaret Hospital, goo Sherbourne 
Street, Toronto, Ontario, Canada.) 


The authors report the usefulness of Sr® total body 
scanning to demonstrate skeletal metastases that are 
not visible on roentgenograms and to show by 
autoradiographic findings the mechanism of Sr% 
concentration. 

Forty-six patients with suspected metastatic bone 
lesions were studied. Physical examinations were 
equivocal in most of these patients and none showed : 
roentgenographic changes. In addition, 18 patients 
with roentgenographic changes were scanned to 
determine the accuracy of the technique and 1 pa- 
tient with a localized skin cancer was scanned as a 
control. 

Patients were given 200 uc Sr® intravenously and 
scanned (total body) at 48 hours with repeat scans at 
4 and 6 days in the areas of interest. The value of the 
4 and 6 day scans lays in the decreased background 
counts and permits better localization. Scans made 
at different time intervals add diagnostic significance 
to areas of minor but repeated localization. Scanning 
time ranged from 45 to 60 minutes. No reactions or 
systemic toxicity were encountered. 

When interpreting the scans, concentration in 
equivalent areas must be compared, right os. left 
sacroiliac and also one vertebra vs. the one above and 
below it. Strontium is excreted in both urine and 
feces; thus radioactivity will be present in the colon 
as well as the urinary bladder. 

Autoradiographs were obtained by injecting 200 
to soo uc Sr in terminal patients with known meta- 
stases shortly before death and then at postmortem 
examination taking thin slices of bone which were 
placed in plastic bags. These were then placed in close 
contact with radiographic film for 3 to 6 weeks. The 
films were developed, and the bone was decalcified 
and sectioned in routine fashion. 

The results were as follows: 

In Group 1, of 18 patients with roentgenographic 
changes, 16 had malignancy and of these 13 gave a 
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positive and 3 a negative scan (2 with myelomatosis 
and I with breast cancer), while the remaining 2 
patients had nonmalignant lesions and both gave 
positive scans (1 with osteoporosis and vertebral 
fracture and 1 with severe degenerative arthritis). 

In Group n, of 46 patients with no roentgeno- 
graphic changes, 34 had positive and 12 negative 
scans. Of the 34 patients with positive scans, 20 had 
proven metastases to the area of localization, while 3 
had no lesion in the area of localization at 1 year. 
The scans of the remaining 11 patients were incon- 
clusive as no further roentgenographic examinations 
were done; on the 5 patients who died no autopsy 
was performed. Of the 12 patients with negative 
scans, 3 were subsequently proven to have meta- 
stases (2 from carcinoma of breast and 1 from myelo- 
matosis), 6 had no bone metastases at 1 yearor more, 
while in the remaining 5 the result was inconclusive, 
as less than 1 year had elapsed since the scans were 
performed. 

Autoradiographs were not successful in most cases 
in demonstrating the sites of Sr* localization and this 
was felt to be due to the very diffuse skeletal involve- 
ment, Those radiographs which did demonstrate 
concentration did so in areas of “tumor osteogenesis,” 
i.e., in areas where tumor cells were associated with 
areas of new bone formation.—Richard T. Browne, 
M.D. 


MaiLLoux, LiowEL U., and Srreero, JAMES 
M. The effect of prior vitamin B-12 ad- 
ministration on the Schilling test. 4m. Y. M. 
Sc., Dec., 1965, 250, 697-699. (From: De- 
partment of Medicine, Hartford Hospital, 
Hartford, Conn.) 


Among the factors that may lead to the improper 
interpretation of the Schilling test are impaired renal 
function, failure to obtain a complete urine collec- 
tion, and a poor testing technique. According to the 
authors, there has been only one previous report in 
the literature of urinary Co"-B, excretion being 
suppressed by parenteral By, administration in the 
days immediately preceding a Schilling test. 

This report deals with 12 patients who had a nor- 
mal Schilling test as determined by standard tech- 
nique and then were restudied following the intra- 
muscular injection of nonradioactive Big (1,000 
ug./day) for 3 to $ days prior to a repeat Schilling 
test, 

The results are reported as showing that 10 of the 
12 patients had reduced urinary excretion of CoU. 
Bı: ranging from 13 to 69 per cent of the value ob- 
tained in their first Schilling test. T'wo patients had 
increased excretion of Co8-B,4. No explanation of the 
mechanism is given.—Richard T. Browne, M.D. 


Horwitz, Norman H., LorsrRoM, James E., 
and FonsArrH, ANN L. The spintharicon: a 
new approach to radiation 1maging. 7. Nu- 
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clear Med., Oct., 1965, 6, 724—739. (From: 
William Beaumont Hospital, Royal Oak, 
Mich.) 


Isotope radiography may well be in a transitional 
stage between moving and stationary imaging de- 
vices. 

The authors point out that moving devices require 
a relatively long time to perform the imaging process, 
and make an additional valuable point in that a line 
scanner is utilizing only the radiation within its 
limited field of view at any particular time and thus 
does not respond to radiation originating from all 
parts of the volume of interest. This necessarily re- 
sults in information being acquired in a serial man- 
ner, so that there is a temporal lag in data acquisition 
between the volumes covered at the beginning and 
the end of the scan. 

The Anger camera, and its various modifications, 
and the image tube adaptation of Ter-Pogossian are 
the principal known stationary imaging devices, but 
to this small group must be added the authors’ in- 
strument, which works on a novel principle, em- 
ploying a discharge tube, This tube consists of 2 
electrodes in a gas-filled envelope. Free electrons are 
produced by the interaction of radiation with the 
cathode or the filling gas, and further free electrons 
are caused by collisions of the initially liberated elec- 
trons as they fall through an electrical field. In a 
properly constructed tube an avalanche of electrons 
will produce a spark, the light from which may be 
photographically recorded. 

The advantages of the spark discharge tube in 
isotope radiography are that the spark discharge 
may be highly localized to the site of gamma ray 
interaction, and the fact that the spark 1s of sufficient 
luminosity to permit photographic localization of the 
interaction site, and perhaps even visual observation 
as well. 

The authors describe in detail the construction of 
their spark discharge (spintharicon) chamber, as well 
as the construction of their honeycomb collimators. 
Both early and recent clinical results in the scanning 
of thyroid glands are illustrated and are encouraging. 
Those who are interested in isotope radiographic 
equipment should read this article in detail.— 
Frederick F. Bonte, M.D. 


CHEMOTHERAPY 


Opman, Per. Methode einer perkutanen, 
selektiven intraarteriellen Infusion von Zyto- 
statika. (A method for percutaneous, selec- 
tive intraarterial infusion of cytostatics.) 
Fortschr. a. d. Geb. d. Réntgenstrahlen u. d. 
Nuklearmedizin, Dec., 1965, 103, 643-652. 
(Address: Róntgenabteilung Norrköpings 
lasarett, Norrkóping/Sweden.) 

Various cytostatics were used in the treatment of 
malignant growths or metastases found in 29 pa- 
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tients, The drugs were administered in combination 
with or following irradiation of the involved sites. 
Infusion was preferable to perfusion. After selective 
arteriography determined the site and extent of the 
lesion, it was a simple matter to instill the desired 
cytostatic or combination of drugs. 

The author’s preference was Sendoxan, Pharmacia 
(cyclophosphamid), the dose being 200 mg. in 400- 
soo cc. of physiologic saline. Other cytostatics were: 
20 mg. Tifosyl, Astra (triethylenetriphosphoramide), 
so mg. Methotrexate, Lederle (4 amino-N-10 methyl- 
folic acid) in a 1,000 cc. saline solution, combined 
with 24 mg. Leucovorin, Lederle (formyl tetrahydro- 
pteroylglutamic acid) in 1,000 cc. saline solution, 
intravenously. 

The drip infusion should be performed at a rate of 
at least 15—20 drops per minute to avoid the possibil- 
ity of coagulation in the polyethylene catheter. As 
much as 3,500-4,000 mg; Sendoxan was infused over 
a §~7 day period without producing any thrombo- 
cytopenia or significant leukopenia. A maintenance 
dose of 50 mg. 3, times daily or 400 mg. per week of 
Sendoxan, intravenously may be carried on for 
several months, provided that the leukocyte count is 
routinely checked. The larger doses of Sendoxan 
may cause a temporary, generalized loss of hair, 
elevation of temperature, or circulatory spasm and 
insufficiency. Tifosyl is not recommended because of 
its tendency to cause bleeding. Methotrexate may 
cause thrombocytopenia but has little effect on the 
leukocyte count. 

Of the 29 patients treated, 18 were terminal cases 
and died shortly after onset of cytostatic therapy; 7 
patients were rendered operable; in 4 patents, 
spread of metastases was prevented. In all, 14 
patients were considered improved as indicated by 
regression of the primary tumor or local metastases, 
disappearance of malignant lesions, or reduction in 
ascites. In most instances, it was felt that the cyto- 
statics enhanced the effects of the simultaneous or 
prior irradiation. 

Some details of 3 patients were documented in this 
article: (1) A 45 year old woman developed axillary 
metastases 1% years following mastectomy. After 
irradiation and Sendoxan, the lesions disappeared 
and she has remained “cancer-free” for § years. 
(2) A 60 year old woman had a recurrence under the 
abdominal scar after a total gastrectomy. She re- 
ceived 1,600 r to each of two anterior and posterior 
fields as well as 3,500 mg. of Sendoxan by infusion 
into the celiac artery. At subsequent surgery, no 
tumor cells were found and she has remained well for 


Abstracts of Radiological Literature 


Josz, 1966 


4 years. (3) A 25 year old male with metastases from 
a melanoma remained well for 4 years after 2,800 mg. 
of Sendoxan infused into the internal iliac artery.— 
F. Zausner, M.D. 


SILBERMAN, Hanorp R., McGinn, Tuomas G., 
and Kremer, WILLIAM B. Control of fever 
in Hodgkin’s disease by indomethacin. 
F.4M.A, Nov. 8, 1965, 794, 597-600. 
(Address: Dr. Silberman, Duke Hospital, 
Durham, N. C.) 


Indomethacin (Indocin), a new nonsteroid, anti- 
inflammatory, antipyretic agent was evaluated in 
9 patients with fever due to Hodgkin’s disease. 

Fever, without obvious infection, has been recog- 
nized for many years as a cardinal symptom of 
Hodgkin's disease. It is present in 30 to 60 per cent 
of patients as part of the initial manifestation of this 
illness. It occurs as a distinctive relapsing form (Pel- 
Ebstein) and the more common typeless form, 
manifested as continuous, remittent, intermittent, Or 
occurring in combinations. It usually means active 
occult disease. Some patients continue with fever, 
while responding to cytotoxic agents with obvious 
lymph node or organ regression. 

Attempts to control fever with aspirin, amino- 
pyrine and phenylbutazone have not been entirely 
satisfactory, because of lack of effect or incidence of 
toxicity, particularly with the latter compound. 

Indomethacin  (1-p-chlorobenzoyl-5-methoxy-2- 
methyl-indole-3-acetic acid) is a structurally new and 
potent antipyretic agent (mechanism unknown) with 
a low incidence of minor side effects. These may 
include dizziness, headache, dyspepsia, nausea, and 
vomiting, which are controllable by decreasing the 
dosage. No significant hematologic, renal or hepatic 
effect has been found. An effective dose schedule 
without minor side effects is 25-50 mg. administered 
orally every 6 hours. . 

All 9 patients had significant and prolonged 
fever despite treatment by cytotoxic chemotherapy, 
salicylates and steroids. Each patient treated with 
indomethacin had prompt relief of fever within 24 
hours. When this agent was omitted, fever promptly 
recurred in 12 to 24 hours, but again responded to 
reinstitution of therapy. 

The authors stress the exclusion of complicating 
infection, and an adequate trial of appropriate 
chemotherapy before using a nonspecific antipyretic. 
—Richard Pfister, M.D. l 
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With KODAK BLUE BRAND Medical X-ray Film you get clean, readable images con- 
sistently. Because Kodak builds uniformity of sensitometric characteristics into each 
sheet of film, you can count—every time—on accurate, clearly defined radiographs for 
diagnosis. Assure predictably high-quality results day-in, day-out with KODAK BLUE 
BRAND Medical X-ray Film and the KODAK X-OMAT Processing System. 


Radiography Markets Division EASTMAN KODAK COMPANY Rochester, N. Y. 
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DIRECTOR 
OF CANCER SERVICES 
SASKATCHEW AN—-CANADA 


Applications for the above position are invited from duly qualified medical prac- 
titioners possessing a senior qualification in any branch of medicine. 


For over 30 years the Saskatchewan Cancer Commission has operated clinics in 
the Cities of Regina and Saskatoon in association with the practicing medical profes- 
sion. These clinics offer to the total population complete services for diagnosis and 
management of malignant diseases. A complete record and follow-up system is in opera- 
tion. 





Newly referred patients total 6,300 annually. Follow-up examinations of cancer 
patients number 19,000 annually. 


The appointee will be expected to give medical and administrative direction to the 
program. Development of clinical and basic research within this program will be one 
of the responsibilities of the appointee. 

Salary to be commensurate with Experience 
Benefits include pension plan, group insurance, sick leave, recreation 
leave, and approved expense account. 


Full particulars available from: 


F. H. Wigmore, M.D., Chairman, 
Saskatchewan Cancer Commission, 
200 Scott Block, 

Moose Jaw, Saskatchewan, Canada. 


Application forms available from: 


PUBLIC SERVICE COMMISSION 


Legislative Building, Regina, Saskatchewan, Canada 


OR 
SASKATCHEWAN HOUSE 
28 Chester Street, Belgrave Square, London 8. W. 1, England. 
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The cancer with the highest incidence: skin. "The cancer with the highest mortality rate: lung, 
Both, ironically, the most preventable of all cancers. 


Lung cancer kills some 47,000 Americans every year. Estimates are that more than 75% 
of lung cancers are caused by cigarette smoking.. .à preventable habit. 


About 80,000 Americans develop skin cancer each year. Since its UNUS cause is 
excessive exposure to the sun, preventive measures are clear. 


Basal cell and squamous cell carcinoma, commonest forms of f skin cancer, are easily. 


cured in their early stages. The high incidence of skin cancer, the suffering, disability and 


disfigurement which too often accompany it, make it a challenging problem. 

In its program of bringing vital facts about cancer to the public, the Society has two 
new films, both available for showing through any ACS Unit. WHO, ME? dramatizes the 
hazards of cigarette smoking. SENSE IN THE SUN urges both sun workers and sun wor- 
shippers to exercise caution. Like all Society films, their object is to save lives and diminish 


suffering from cancer by giving forceful expression to many of the facts about cancer with 
which you, doctor, guide your patients. 


american cancer society ` 








NEW! KNIGHT - 


X-RAY MARKER | 


BETTER CLEAN-UP 
Shows elapsed time in reducing absorption 
between exposures of useful primary rays 


A quick, easy way for the physician to follow move- 
ment of barium or other dyes through a subject 
organ. Provides permanent record on the film. 

Lightweight — made of high-opacity lead letters 
and figures embedded in plastic. Will not burn out, 
Arrow turns 360°. Shows minutes and 
hours. $5.30 per marker. Send for folder 
or order direct: 








68 inane Si, Seneca Folis, N.Y, 


MICROFILM NE 
\-RAYS S Ep 


WITH CONTROLLED 
DENSITY RETAINING 
DIAGNOSTIC DETAIL 


Two fens—-give full 15'45" x 
18'5" or 10" x 12" coverage | 
with diagnostic detail and den- | pattern, it will produce a radiograph of mag- 
sity for physicians’ reference. | 
lightens darkened or overex- 





Here is a stationary grid of unequalled fineness. 


And, because it is comparatively free of the grid 


nificent uniformity. Available in all ratios and 


posed films by special panel : sizes. The “slip-on” type a PTE exclusive — 
switch, 1100 to 4400 X-Ray films | DT the use of just one grid with any num- 


per roll-—saves you money. Uses 
4 films—lets you use special ; ; 
Bin toe. econsns M AF Ask your local X-ray dealer or 


charts, other records, too. : PI write for a descriptive brochure. 
] Write for Free Folder i pei duda 
MICRO X-RAY ONLY $ | 
RECORDER 


The Micro X-Ray recorder will pay for itself in spoce and 
filing cabinets saved. 
Ask about our Service and Rental Plan. 


MICRO X-RAY RECORDER, INC. 


ber of cassettes. 





3755 West Lawrence Avenue 
_ Chicago, Ilinois 60625 
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Westinghouse 


planned equipment protection 
keeps your X-Ray Department 


in continuous operation. 


Westinghouse Sentinal Service™ is a complete X-Ray equipment care 
service. It's designed to keep your Radiology Department operating 
without costly interruptions —and tailored to your budget. 


With one moderate, budgeted business expense you protect the life and 
reliability of your equipment. You head off the critical problems of case load 


back-up. And you rid yourself of the responsibility for equipment 
maintenance. 


Westinghouse Sentinal Service gives you a planned protection program 
that features regularly scheduled equipment inspection and care. 
Emergency repair, too — if necessary. Even the costs of parts 

and labor may be included. Send for our free booklet. Westinghouse 
X-Ray Division, 2519 Wilkens Ave., Baltimore, Md. 21203.  .ows 


You can be sure if it's Westinghouse 


ay 








The complexity of a modern Radiographic We'll be glad to send you a free copy of our 
and Fluoroscopic System demands the atten- new booklet "Westinghouse Sentinal Service," 
tion of men with the highest degree of tech- with detailed information about our planned 
nological skill. Westinghouse Service Special- program of equipment care. Write us, without 
ists are trained to maintain and repairtoday's obligation: Westinghouse X-Ray Division, 
most sophisticated equipment. 2519 Wilkens Avenue, Baltimore, Md. 


The Westinghouse Professional Commitment to Radiology at work for you 
x 





PUT THESE NEW BOOKS IN -— 


THE USE OF DIAGNOSTIC ULTRA- 
SOUND IN BRAIN DISORDERS by 
Charles C. Grossman, Presbyterian-Univer- 
sity Hospital, Pittsburgh. Describes in de- 
tail the new science of ultrasound diagnosis 
. . . fundamentals of ultrasonics, clinical 
methodology and techniques, determina- 


tion of normal and displaced brain “mid- 
line" by use of the A-scope technique 
(Sonoencephalography-SEG), combined use 
of diagnostic ultrasound and electroen- 
cephalography (SEG-EEG), etc. Feb. '66, 
172 pp., 146 il., $9.00 





[] THE EARLY RADIOLOGICAL DIAGNO- 


SIS OF DISEASES OF THE PANCREAS 
AND AMPULLA OF VATER: Elective Ex- 
ploration of the Ampulla of Vater and the 
Head of the Pancreas by Hypotonic Duo- 
denography by Paul Jacquemet, Lyon Fac- 
ulty of Medicine, France; Domingo Liotta, 
Baylor Univ., Houston; and Pierre Mallet- 
Guy, Lyon Faculty of Medicine. Translated 
by Lee D. Cady, Baylor Univ. '65, 256 pp. 
(7 X 10), 392 il., $14.50 


ATLAS OF CARDIOVASCULAR EYMOG- 
RAPHY by Giovanni Juliani and Cesare 


-Quaglia, both of Univ. of Turin, Torino, 


L] Xe A. Mt = Italy. Translated from Italian by John L. 


IONIZING RADIATION by Zénon M. 
Bacq, Univ. of Liège, Belgium. '65, 344 pp., 
100 iL, 23 tables, (Amer. Lec. Living Chem- 
istry edited by I. Newton Kugelmass), $14.00 


RADIOTHERAPY OF BENIGN DISEASE 
by Stephen B. Dewing, Hunterdon Medical 
Center, Flemington, N.J. With a chapter 
contributed by Ralph Wier Grover, Nassau 
County Tuberculosis Sanatorium, Farming- 
dale, N. Y. '65, 320 pp., $9.75 


Maurice. '65, 224 pp. (81% x 11) 164 il, 
$12.75 


RADIATION ACCIDENTS AND EMER- 
GENCIES IN MEDICINE, RESEARCH, 
AND INDUSTRY edited by Lawrence H. 
Lani, Argonne Cancer Research Hosp., Chi- 
cago; John H. Pingel, Argonne National 
Laboratory, Argonne, Ill.; and John H. Rust, 


Univ. of Chicago. (31 Contributors) '65, 352 


[] THE SCIENCE OF IONIZING RADIA- pp. 32 iL, 10 tables, $11.75 


TION: Modes of Application compiled and 
edited by Lewis E. Etter, Univ. of Pittsburgh, 
Pa. (85 Contributors) Foreword by Otto 


Glasser. '65, 804 pp. (634 x 934), 483 iL, 29 
tables, $26.50 


PRINCIPLES OF RADIOGRAPHIC EX- 
POSURE AND PROCESSING (2nd Ed. 
3rd Ptg.) by Arthur Fuchs, Rochester, N. Y. 
Feb. '66, 300 pp. (7 x 10), 600 il, $10.50 


THE TRAIL OF THE INVISIBLE 
LIGHT: From X-Strahlen to Radio(bio)logy 
by E. R. N. Grigg, Cook County Hosp., Chi- 
cago. '65, 1,016 pp. (814 x 11), 1,404 figs., 
(Amer. Lec. Roentgen Diagnosis edited by 


SURGICAL APPLICATIONS OF © 
LASER by Paul Edward McGuff, Laser 
Medical Research Foundation, Boston. 
Dr. McGuff is a pioneer in laser energy 
radiation of experimental and human 
malignant tumors. His present work is 


concerned with laser theory, operation 
and types in diverse fields . . . cancer 
tissue or tumor investigation, photo-coag- 
ulation of retinal holes and tears, laser 
spectroscopic analysis, experimental blood 
vessel anastomosis, etc. Jan. '66, 224 pp., 
70 il., 56 tables, $10.50 





Lewis E. Etter), $36.75 


CHARLES C THOMAS * PUBLISHER ,_ 301-327 East SPRINGFIELD © ILLINOIS * U.S.A. 


Lawrence Avenue 





ROENTGENOLOGY TO WORK FOR YOU 


[] SPLENOPORTOGRAPHY: Diagnostic 

Phlebography of the Portal Venous System AN OUTLINE OF RADIOGRAPHIC 
FINDINGS IN MULTIPLE-SYSTEM 
DISEASE by John H. Simonton and Rob- 
ert C. Jamison, both of Univ. of California 


by Lucien Leger, Cochin Hospital, Paris. 
'65, 182 pp. (654 x 934), 89 il, (Amer. Lec. 


Living Chemistry), $8.50 at Los Angeles. Provides an indispensable 
guide to readily accessible key articles deal- 
ing with over one hundred systemic dis- 


[] ENGLISH FOR THE FOREIGN PHYSI- eases of current interest. For each entity 
CIAN (3rd Ptg.) by José Murilo Martins, the authors include clinical setting, a tab- 
Univ. of Ceara, Fortaleza-Ceara, Brazil. '65 Ee oM n UE 

: á ais and representative incidence figures where 
186 pp., 27 il., $5.75 available, and a bibliography. Jan. '66, 


272 pp., $11.75 





[] DIAGNOSTIC RADIOLOGIC INSTRU. 
MENTATION: Modulation Transfer Func- 
tion edited by Robert D. Moseley and John [] THE ROENTGENOLOGICAL FEA- 


H. Rust, both of Univ. of Chicago. (29 Con- TURES OF SICKLE CELL DISEASE AND 
tributors) '65, 486 pp. 151 il, 18 tables, RELATED HEMOGLOBINOPATHIES by 
$17.50 Jack Reynolds, Univ. of Texas, Dallas. '65, 


352 pp., 112 il., $12.50 
[] CLINICAL ROENTGENOLOGY OF COL. 


LAGEN DISEASES by Charles M. Nice, Jr., [] UTEROSALPINGOGRAPHY IN GYNE- 
Tulane M. New Orleans. Jan. bo 216 COLOGY: Its Application in Physiological 
PP» 134 il, (Amer. Lec. Roentgen Diagno- and Pathological Conditions by Samuel 
sis), $10.75 Rozin, Hebrew University-Hadassah: Medical 
School, Jerusalem. '65, 376 pp. (814 x 11), 
369 il., $20.50 


Alphabetical Index of ROENTGEN DI- 

AGNOSES AND PROCEDURES With [|] MYELOGRAPHY by Vincenzo Valentino, 
Code Numbers of the American College of Univ. of Naples, Italy. '65, 292 pp. (81 
Radiology: A CrossIndex of Roentgen oen : PP. Ya X 
Diagnoses Alphabetized for a Variety of 
Filing Systems by Gerhart S. Schwarz, New 


11), 276 il. (3 in color), $19.50 


York Medical College Chronic Disease Cen- 
ter, New York Ctty, and Henry J. Powsner, [] MEDICAL X-RAY TECHNIQUE (2nd Ed., 


7520th United States Air Force Hospital, 3rd Ptg.) by G. J. van der Plaats, St. Anna- 

South Ruislip, Middlesex, England. June 

'66, about 124 pp. (8 x 5), 3 il. dal Hosp., Maastricht, The DICIS ABE: 
Translated by Gerald E. Luton, Eindhoven, 

The Netherlands. '65, 508 pp., 328 iL, $14.50 





CHARLES C THOMAS « PUBLISHER , 301-327 East SPRINGFIELD * ILLINOIS * U.S.A. 


Lawrence Avenue 
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Excretory urogram with Hypaque 50 per cent 
(30 cc.) Hydronephrosis, right, secondary 

to cancer of the bladder, blocking the 

orifice of the right ureter; 25 minute film. 


when Instrumentation is undesirable 





There are many patients where cystoscopy or EUCH corel is either undesirable or 
impossible in determining urinary tract pathology. Thi 





tmay be due to mechanical 
difficulties (e.g., deformity, anomaly, etc.), debilitated states, infancy, advanced age 
infection, pregnancy or after extensive pelvic operations. 


1 


In such cases, Hypaque Sodium 50% often provides precisely defined urograms of the 
kidneys, ureters and bladder, with valuable information about their functional activities, 
undisturbed by instrumentation. Further advantages are: (1) no age limit to the 
procedure, and (2) no need to administer an anesthetic. 

Contraindications: Advanced renal destruction associated with severe uremia, and 
severe liver disorders. 


Precautions: Caution is advised in patients with hyperthyroidism, hypertension, severe 
cardiovascular disease, active tuberculosis, and a history of asthma or other allergy, 
especially to iodine. Because of the possibility of temporary suppression of urine, it is 
wise to allow an interval of at least 48 hours before repeating retrograde or excretory 
urography in patients with unilateral or bilateral reduction of normal renal function 
»ide effects: Excretory urographic agents may produce symptoms of an anaphylactic* 
nature in sensitive persons. Patients should be watched carefully during injection as 
serious reactions, including fatalities, have occurred with all commonly used mediums. 
Minor reactions, such as nausea, vomiting, excessive salivation, flushing, dizziness, 
urticaria, and muscular twitching may occur. 

Supplied: In sterile aqueous solution. Ampuls of 30 cc. (with 1 cc. test ampuls), boxes of 
I, 10 and 25. Also, rubber stoppered vials of 20 cc. and 30 cc., boxes of 1, lO and 25. 


*Physicians should study the package insert for information on preventive measures and management of 
untoward reactions before administering Hypaque (diatrizoate sodium). 


Ürograms with — anatomical detail — 


0 with complete information 
0 is available by writing to 


ee . Winthrop Laboratories 
brand of diatri izoate sodium 





WINTHROP LABORATORIES, 


7277/5, | PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS NEW YORK, N.Y. 10016 
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New Journal 


Neuroendocrinology 


Editors 
E. Bajusz, Cambridge, Mass. 
D. de Wied, Utrecht 


Editorial Board 

E. Anderson, Moffett Field, Calif. 
A. Brodish, New Haven, Conn. 

P. M. Daniel, London 

E. Endr&czi, Pécs 

W. Etkin, Bronx, N.Y. 


W. H. Florsheim, Long Beach, Calif. 


M. A. Greer, Poriland, Oregon 
R. Guillemin, Houston, Texas 
J. W. Kendall, Portland, Oregon 
K. Knigge, Rochester, N.Y. 

L. Levi, Stockhoim 

R. Lisk, Princeton, N J. 

L. Martini, Milan 

8. M. McCann, Dallas, Texas 
H. Purves, Dunedin, N Z. 

U, K. Rinne, Turku 

H. Rodeck, Dattein 

V. Schreiber, Prague 

A, Vermeulen, Ghent 


International Journal for Basic and Clinical Studies on 
Neuroendocrine Relationships 


Neuroendocrinology has gained recognition as a field of 
research in its own right only in recent years, but it is a 
rapidly expanding field which promises a bright future. 
Articles on neuroendocrine subjects have up to now been 
spread over a wide variety of journals, and it is hoped that 
this new journal, which will publish original and brief 
review papers on experimental and clinical studies on 
neuroendocrine relationships, will serve to keep clinicians 
and research workers informed on latest developments in 
this field without the task of searching for relevant articles 
through many publications on other topics. Indeed, this 
very diversity of interests, techniques and subject matter 
in the field of neuroendocrinology is precisely the reason 
for the need of an organ in which the many threads can 
be gathered to be woven into a patterned matrix, 


The highest possible scientific standard will be maintained. 
All articles will be in English, but will also have a sum- 
mary in German and French. The Editorial Board is com- 
posed of specialists from many countries, and it is hoped 
that the journal will be truly international and representa- 
tive of work carried out in all parts of the world. 


One volume of 6 issues is published per year 
Pro vol. sFr./DM 64.50/US $15.50 


Ask for specimen copies 


.S. KARGER AG, Arnold-Bócklin-Strasse 25, Basel (Switzerland) 


Please enter my subscription to Neuroendocrinology, Vol. 1 


Name Qva n Rs REM 


Please place your order with your agent or: 


Albert J. PHIEBIG, P.O. 352, White Plains, N.Y. 





A new system for obtaining the maximum advantage from 
image intensification techniques. 


The CONTINENTAL BRADSHAW 


70mm image recording system supplants 
conventional spot film equipment. 





No cumbersome overhead suspension. 


Smooth, horizontal, slide-back parking to clear table top for bucky radi- 
ography, no rear projection, no chance to drop tube, does not change the 
balance of table when parked. 


Over 400 radiographic exposures without reloading. Removable receptor 
cassettes allow development of short runs of films. 


Fast changeover to radiography and instant filament boost. 
No cassettes required. 
Automatic film marking. 


Dynascope 6B high resolution Intensification Tube. 








image recording system 
like all CONTINENTAL equipment is 


covered by the exclusive 5-year guarantee. 





CAAA ef 


linm my rai 
CONTINENTAL . -RAY CORPORATION 
1536 NORTH CLYBOURN AVENUE CHICAGO, ILLINOIS 60610 Sox Hs 
| PHONE: (312) 642-3711 BE oS 
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FOR ONLY $200,000 


A modern Cyclotron 
lor diagnosis, 
Iherapy & research 


Offers you all these advantages 


topes and positron emitters for 
use in diagnostic measurements 
and with scanning instruments. 


| Best source of short-lived iso- 
[| 


fast neutrons for radiation 
therapy and radiation effects 
measurements. 


] Produces collimated beams of 
E 


Produces charged particle fluxes 
i for research in space medicine. 


Simple operation with guaran- 
4 teed performance. 
i 


THIS 30-INCH AVF CYCLOTRON 
weighs just 30,000 pounds and re- 
quires only 175 kilowatts of power. 
Measures only 7' x 7’ x 7' to fit in a 
15' x 15' shielded room. Produces 
external beams of protons with an 
energy of 15 Mev, deu:erons of 7.5 


Mev and helium-3 ions cf 20 Mev, and 
neutrons with energy up to 25 Mev. 








For more information and 
facts on medical applica- 
tions, please write or call: 


THE CYCLOTRON CORPORATION 


Dept. SRO, 950 Gilman Street, Berkeley, 
California 94710, 415/524-8670 











CASSETTE 


ADAPTABLE + VERSATILE e PRACTICAL 





Since the early E930s practióing radiologists 
have found the Campbell taylor Cum A = 
Cassette an invaluable accessory far achieving 
superior fidelity when xraving the cervical, 
femur, humerus and knee joint = body areas 
which cannot faithfully and accurately be 
xraved with Hat flm Csee illustration d. Order 
Curv- X Cassette thru vour local supply house 

or write direct to: 


CAMPBELL/TAYLOR, INC. 


146 EXCHANGE ST. DEPT. ‘99-w MALDEN, MASS. 02148 
Telephone: 617-322-1660 





RADIATION THERAPY 
ACCESSORIES 


for patient measurement, set-up, and 
treatment: 


Front and Back Pointers 
: Pin and Arc 
| Rotational Therapy Apparatus 
| Upright Treatment Chair 
Contour Meters 
Calipers 
Bridge 


RADIUM AND RADIOISO- 
TOPE ACCESSORIES 


Portable Shield 

Radium Carts 

Radium Mold Storage Chest 
Thyroid Uptake Neck Phantom 


For literature describing these and other devices for 
beam alignment, patient positioning, and radium 
control, write to: 
BARUCH INSTRUMENTS CORPORATION 
227 PARK AVENUE- 18th Floor 
NEW YORK, N. Y. 10017 


E E EAA anataat 


There's no 
. clinical advantage to 


a 94" x AA" photo of 
radioisotope distribution. 


Unless you like 
speed, sensitivity, 


statistical accuracy. 


That's why the Pho/Gamma" 
Scintillation Camera is making 
all rectilinear scanners 
obsolete (even our own). 





Consult lyour Nuclear-Chicago sales 
engineer or write to us for informa- 
tion about the impact Pho/Gamma 
can have on your work, noci hescuet 


Q 


NUCLEAR-CHICAGO 
CORPORATION 


307 East Howard Avenue, Des Plaines, Hlinois 60018, U.S.A. / Donker Curtiusstraat 7, Amsterdam W, The Ngtherla nds. 
E * 


an, 





HANLEY ECONOMY 14x i7 X-RAY CABINET . . . 
SPECIAL DESIGN SLIDING DOORS Án Authorized Binding 


QUALITY AT LOW PRICES a 
Vertical Filing for 


We Build Special Size X-Ray Cabinets | THE AMERICAN JOURNAL OF 


SPECIAL SIZE, 83 H x 19'5 D x 40 W, W/DOORS 


8 COMPARTMENT SIZE—DIVIDERS 14 x I7 ROENTGENOLOGY 


3 COMPARTMENT SIZE-—DIVIDERS 14 x 17 


APPROVAL GUARANTEED—F.0.B, FACTORY—CATALOGU RADIUM THERAPY AND 


HANLEY MEDICAL EQUIPMENT CO. NETER: PETA “FNT 
5614 South Grand X-ray Division St. Louis ft, Mo. NUCLEAR MEDICINE 


Arrangements have been made for subscribers to 
have their journals bound into distinctively de- 
signed books. 


1965 Volumes—four issues, January through April, 


In reply to advertisers please May through August or September through Decem- 
mention that you saw their ad- ber, bound in best grade garnet washable buck- 

: : ram imprinted with your name on cover, cost but 
vertisement in $5.45 per volume. 


Bound journals serve as an immediate reference 


THE AMERICAN JOURNAL OF for information and research. They conserve space 
ROENTGENOLOGY, and permanently preserve the important communi- 


cations from becoming misiaid or lost. Most im- 


RADIUM THERAPY | portant of all, they save time! 
AND NUCLEAR MEDICINE | Ship journals parcel post. Within forty-five days 


after receipt, bound volumes will be shipped pre- 
° E . paid anywhere in the U.S.A. Full remittance must 
accompany order, 
CHARLES C THOMAS PUBLISHERS’ AUTHORIZED 
PUBLISHER BINDERY SERVICE 
(Binders of all Journals) 
732 5. Sherman Street, Chicago, Hl. 60605 


Springfield - Illinois 





Subscube today to 


THE JOURNAL OF THE CANADIAN 
ASSOCIATION OF RADIOLOGISTS 


published quarterly: March, June, September and De- 
cember. It is the official organ of The Canadian 
Association of Radiologists. 





Price $5.00 per annum in Canadian or equivalent funds. 








The Canadian Association of Radiologists, 


Li a 


1535 Summerhill Avenue, 
Montreal 25, Quebee, Canada 


Please enter my subscription to the JOURNAL OF THE CANADIAN ASSOCIATION OF RADIOLOGISTS, for which my cheque 
is enclosed. 


» 
Name: 5.605 ie ie. OS: eS td x ed RAM E TX UAE ma accu atr i prz pru ecd qas acq ds RON Md dc RR oe Weed tre d 
* 
(Please print) 
Address. CPPPC PC EERE AE Wee SESE ERA a EASES OR TR ee OE EW ENE SS RESETS CE A a Ea 
(Please print) 
Clty osu Sei US DOSS AR ee ea € s»... Province or State ............ eo eee ConntrY our a xA Xx EES 
] " 
Xx 


ssa CUt Film Changers 













hicago Shop Facilities 
! are now available to have 
E your used Cut Film Chang- 

ers completely recondi- 
Bl tioned by Factory-Trained 
Engineers. This well- 


established service pro- 
gram includes: Arrangements must be made with your 


local X-Ray dealer to take advantage of: 








1. New part replacement 


where required. * Special shipping containers for your units. 
2. Complete refinishing e Scheduling which assures a minimum time 
of housing. during which your equipment will be 
3. Mechanical & electrical inoperative. 


performance testing. 


SCHICK X-RAY CO., 


444 N. Lake Shore Drive 
Chicago, Illinois 60611 
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The British Journal 
of Radiology FOUNDED 1896 


A monthly publication covering the fields of 


RADIODIAGNOSIS, RADIOTHERAPY, RADIOBIOLOGY, 
RADIOLOGICAL PHYSICS, RADIATION PROTECTION 
AND NUCLEAR MEDICINE 


This Journal is the official organ of 
THE BRITISH INSTITUTE OF RADIOLOGY 


The British Tournal of Radiology is the oldest radiological journal in the 
world, having started in 1896 as The Archives of Clinical Skiagraphy. 


In addition to the presentation of selected papers which have been read at 
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SIEMENS 


LARGE-SCREEN 
IMAGE-INTENSIFIER TELEVISION UNIT 


During x-raying or cinefluorography you can select 
large-field fluoroscopy or magnification technique 


By simply pressing a button you switch over from 
the 25-cm (10^) image-intensifier input screen 
to the 15-cm (6^) field. 
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VISUALIZE THE ENTIRE Dosage and Administration: Cholografin Meglumine* 


(Meglumine lodipamide Injection U,S.P) —20 cc. 


EXTRAHEPATIC BILIARY SYSTEM — (aautto. and 0.3-0.6 cc./Kg. body weight (children). 


Cholografin Sodium (Sodium Jodipamide Injection 


— EVEN WHEN THE GALLBLADDER U.S.P) — 40 cc. (adults) and 0.6-1.2 cc./Kg. body 
is NONFUNCTIONING weight (children), Give only by slow LV. injection. 


Supply: Cholografin Meglumine, providing 5295 me- 
glumine iodipamide —20 ce, vials and ampuls. Bound 
iodine content is about 26% (5.2 Gm./20 cc.), Cholo- 
grafin Sodium, providing 20% sodium iodipamide — 


20 cc. Vials. Bound iodine content is about 13% (2.6 
IN INTRAVENOUS Gm./20 cc.). 


Side effects: If injection takes less than 10 minutes, 


there may be transient restlessness, sensations of 

A CHOLANGIOGRAPHY warmth, pressure in upper abdomen, and nausea. 

A Precautions: I.V, test dose may be given, and personal 

T & CHOLECYSTOGRAPHY and family history of allergy or bronchial asthma 

i should be noted. Stop examination upon evidence of 
allergy. In rare cases, anaphylactoid reactions may 
occur. Contraindicated if patient shows sensitivity to 
test dose; also, in combined severe impairment of 


renal and liver function. For full information, see 
Product Brief. 


* Meglumine (formerly methylglucamine) 
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This Is Expensive... This 


X-ray filing is a special problem — but vertical filing 
by Oblique solves it. Oblique now gives you twice as 
many X-rays in the same filing space. There's no slump- 
ing or sagging — gravity keeps them hanging straight 
and flat. And Oblique's smooth edges virtually eliminate 
the constant hazard of accidental finger cutting. Write 
for free illustrated material on how your X-ray files can 
be quickly converted. Medical references upon request. 


i | LH Í | ROBERT P. 
Oblique fol li i . GILLOTTE 
ique folders glide along on rails, can be COMPANY, INC. 


compressed or opened with one finger, mak- COLUMBIA 


ing X-rays easier to insert and remove. SUSPENDED FILING COMPARTMENTS SOUTH CAROLINA 
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COMFORTABLE! 


unpleasant odors. 





y eliminating moisture deterioration. 


HY. GENIC! Dries between exa minations. 
Ozone lamp treatment for germicidal control. 


E FICI NT! May be uis as glove rack and 


glove: spreader after examinations are com- 





pleted. 





Can be wall mounted 
or used on table top 
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-RAY SOLUTIONS, Inc. 


18800 Hawthorne 
Detroit, Michigan 48203 














58-08 28th Ave. 











Removes dampness and 


CONOMICAL! Increases life of the gloves 
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Albert-Acan X-Ray Solutions, Inc. 
18800 Hawthorne 
Detroit, Michigan 48203 


Please send ooon “DRI-GLOVE” units to the address below under you 
money-back guarantee. 





Address. 
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with Telepaque you can depend on your cholecystogram ` 


nonvisualization — gallbladder disease 
visualization — functioning gallbladder 


Numerous studies with large numbers of patients show 
a diagnostic accuracy ranging from 95 to 100% 


Baker and Hodgson ' of the Mayo Clinic and Mayo Foundation, reporting on a series 
of 1,207 cholecystographic examinations with TELEPAQUE in which all diagnoses 
were subjected to surgical and pathological verification, found 98 per cent of all 
the diagnoses were correct. A// the nonvisualized gallbladders were found to be dis- 
eased, and the "increased accuracy of this diagnosis seemed to have a direct rela- 
tionship to the medium employed". (The authors emphasize, however, the primacy 
of correct technical procedure and vigilance by the radiologist over the particular 
contrast medium used.) 

Alderson? found TELEPAQUE 99 per cent accurate in cholecystography of 315 
patients. He concluded that “TELEPAQUE is held to be the most satisfactory for 
routine radiological investigation of gallbladder symptoms". Six other groups of 
investigators have published similar results with TELEPAQUE which varied in ac- 


curacy from 95 to 100 per cent.^* 


only with Telepaque is such diagnostic accuracy so substantially documented 


References: 1. Baker, H. L., Jr., and Hodgson, J. R. (Mayo 
Clinic and Mayo Foundation): Further studies on the accu- 
racy of oral cholecystography, Radiology 74:239, Feb., 
1960. 2. Alderson, D. A. (King's College Hosp., London): 
The reliability of Telepaque cholecystography, Brit. J. 
Surg. 47:655, May, 1960. 3. Rogers, J. V., Jr., Bonmati, J., 
Leigh, T. F., and Gay, B. B., Jr. (Emory University Hospital, 
Atlanta): Correlation of radiographic and surgical findings 
in gallbladder disease, J.M.A. Georgia 42:489, Nov., 1953. 
4. Tillinghast, A. J. (New York); X-ray diagnosis in disorders 
of the biliary tract, Rev. Gastroenterol. 20:750, Oct., 1953. 
5. Mauthe, H. (St. Agnes Hosp., Fond du Lac, Wis.): The 
accuracy of X-ray examination of the gallbladder, Wiscon- 
sin M.J. 53:473, Sept., 1954. 6. Garland, L. H. (San Fran- 
cisco): New techniques in cholecystography, Minnesota 
Med. 39:433, July, 1956. 7. Whitehouse, W. M. (University 
Hospital, Ann Arbor, Mich.): Correlation of surgical pa- 
thology with Telepaque cholecystography in doses of two 
grams, Surg., Gynec. & Obst. 100:211, Feb. 1955. 8. Dietz, 
M. W., and Litton, L. D. (Springfield, Mo.): Syllabus of 
cholecystography, GP 14:109, Oct., 1956. 

Dosage: The TELEPAQUE tablets (0.5 Gm. each) are prefer- 
ably administered from 10 to 12 hours before the time 


scheduled for cholecystography. At about 10 P.M., 6 tab- 
lets should be swallowed, each with one or two mouthfuls 
of water (with a total of a full glass of water). In patients 
where visualization of the extrahepatic ducts is especially 
indicated, from 10 to 12 tablets have been recommended. 
In patients with thin or normal build, weighing less than 
150 pounds, 4 tablets may prove sufficient. 


CONSULT THE PACKAGE INSERT FOR COMPLETE 
PRESCRIBING INFORMATION 


Side Effects: TELEPAQUE has low toxicity, and side effects 
when they occur are usually mild. Gastrointestinal effects 
(diarrhea, cramps, nausea, vomiting) are the most com- 
mon. Usually the diarrhea is mild, consisting merely of a 
few loose stools, although in isolated cases it may be 
severe. Other side effects reported include dysuria, head- 
ache and, on rare occasions, skin rash, urticaria, pruritus, 
and flushing. 


Contraindications: Acute nephritis, uremia, and gastroin- 
testinal disorders that prevent absorption of the medium. 
Supplied: Tablets of 500 mg., envelopes of 6 tablets, boxes 
of 5 and 25 envelopes; also bottles of 500. 


in oral cholecystography and cholangiography 
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nonvisualization — gallbladder disease 
visualization — functioning gallbladder 


(Winthrop) Pioneers in Products for Radiologic Diagnosis 


WINTHROP LABORATORIES, 
NEW YORK, N.Y. 10016 
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